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THE ALAN H. M 


This medal was struck to commemorate the late Alan H. Milne, 
of the School (1899-1917), and 
is awarded twice yearly on the recommendation of the examiners 


C.M.G., the first Honorary Secretary 
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NOTICE 


The following courses of instruction are given by the Liverpool 
School of Tropical Medicine each year :— 


(1) Two courses for the Diploma in Tropical Medicine, 
commencing on the Ist October and the 7th January. 
The D.T.M. examinations are held in December and 
March. 


(2) Two courses for the Diploma in Tropical Hygiene, 
commencing on the 12th January and the 26th April. 
The D.T.H. examinations are held in March and July. 


(3) Two courses in Veterinary Parasitology, commencing on 
1st October and the 7th January. 


DIPLOMA IN TROPICAL MEDICINE 


This Diploma shall be awarded only to candidates who possess 
a qualification to practise Medicine recognised: for this purpose by 
the University, and who present satisfactory certificates of having 
attended approved courses of study, and pass the prescribed 
examination. 


DIPLOMA IN TROPICAL HYGIENE 


This Diploma can only be taken by those who have already 
obtained the D.T.M. 


‘ The course for this Diploma will not be conducted unless 
at least five applications are received, and no application for 
admission can be considered later than December 21st and 
March 3Ist respectively.’ 


FEES 
Each Diploma Course = és ... Fifteen Guineas 
Course in Veterinary Parasitology ... Fifteen Guineas 
Each Diploma Examination des ... Five Guineas 


Fee for use of a School microscope during one term ... One Guinea. 


For prospectus and further information, application should be 
made to the Hon. Dean, School of Tropical Medicine, University of 
Liverpool. 


1x 


| 
Le 
} 
| 
| 
| 
| 
| 

| 
| 

| 
| 
| 
| 
| 
| 
| 
} 
j 

| | 
| 
| 
| 

} 
J 
- 
| 
| 

us 
2 
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1906 


1907 
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Fleming, William 
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1909 Meldrum, William Percy 1gt2 Christie, David 
1909 Murphy, John Cullinan 1gt2 Dillon, Henry de Courcy 
1909 Samuel, Mysore Gnananandaraju Igt2 Dunn, Lillie Eleanor 
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1910 Brabazon, Edward 1912 Myles, Charles Duncan 
1gto 6Castellino, Louis 1gt2 Pelly, Huntly Nevins 
©Caulcrick, James Akilade 1gt2 Prasad, Bindeshwari 
1910 Dowden, Richard 1g12 Prentice, George 
1gto Haigh, William Edwin Ross, Frank 
1gt0 Hamilton, Henry Fleming 1912 Russell, Alexander James Hutchison 
1910 Hefferman, William St. Michael 1912. Ruthven, Morton Wood 
1910 Hipwell, Abraham 1g12 Sandilands, John | 
1910 Homer, Jonathan 1912 Seddon, Harold 
1910 Houston, William Mitchell 1912 Smalley, James 
1910 James, William Robert Wallace 1912 Strickland, Percy Charles Hutchison 
1g10 Johnstone, David Patrick 1912 Watson, William Russel 
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1910 Macdonald, Angus Graham 1913 Austin, Charles Miller | 
1910 Macfie, John Wm. Scott 1913 Banker, Shiavux Sorabji | 
1910 Manuk, Mack Walter 1913 Becker, Johann Gerhardus | 
1g10_ ©Murison, Cecil Charles 1913 Carrasco, Milton 
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1910 Nauss, Ralph Welty 1913 Forsyth, Charles 
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Shaw, Hugh Thomas 1913 Hepper, Evelyn Charles 
1gto Sieger, Edward Louis 1913 Hiranand, Pandit 
1910 Sousa, Pascal John de 1913 Jackson, Oswald Egbert 
1910 Souza, Antonio Bernardo de 1913 Khaw, Ignatius Oo Kek 
1910 Waterhouse, John Howard 1913. MacKelvie, Maxwell 
1910 White, Maurice Forbes 1913, MacKinnon, John MacPhail 
1913 Macmillan, Robert James Alan | 
1gtt Blacklock, Donald Breadalbane 1913 Mouat-Biggs, Charles Edward Forbes | 
1gtt Brown, Frederick Forrest 1913 Noronha, John Carmel 
Chand, Diwan Jai 1913 O'Connor, Edward 
1gtt Holmes, John Morgan 1913 Olubomi-Beckley, Emanuel 
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1gtt Mascarenhas, Joseph Victor 1913 Young, William Alexander 
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1g1t Sinton, John Alexander 1914 Connell, Harry Bertram 
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1920 
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Naidu, Bangalore Pasupulati Balakrishna 
Rowe, John Joseph Stephen 

Roy, Raghu Nath 

Shiveshwarkar, Ramchandra Vishnu 
Sur, Sachindra Nath 

Talati, Dadabhai Cursedji 

Wilkinson, Arthur Geden 

Wright, Ernest Jenner 


Lobo, John Francis 

Madhok, Gopal Dass 
Pearson, George Howorth 
Swami, Karumuri Virabhadra 


Wood, John 


Barseghian, Mesroob 
Chaliha, Lakshmi Prasad 
Lim, Albert Liat Juay 
Lim, Harold Liat Hin 
Metzger, George Nathaniel 
Séderstrém, Erik Daniel 
Wheeler, Louis 


Chapman, Herbert Owen 
Krishnamoorthy, Yedatore Venkoba 
Lipkin, Isaac Jacob 


Watts, Rattan Claud 


Bowle-Evans, Charles Harford 
Burnie, Robert McColl 

Celestin, Louis Abel 

Cummings, Eustace Henry Taylor 
Darling, Georgina Renington 
Drake, Joan Margaret Fraser 
Fraser, William James 

Gordon, Rupert Montgomery 
Krige, Christian Frederick 
Maplestone, Philip Alan 

Oluwole, Isaac f.adipo 
Rustomjee, Khusshuyee Jamesidjece 
Sawers, William Campbell 
Thompson, Mary Georgina 
Turner, Gladys Maude 

Young, Charles James 


Adler, Saul 

Anderson, William Jenkins Webb 
Campbell, George 

Cobb, Charles Eric 

Cobb, Enid Margaret Mary 
Connolly, Evelyn Mary 
Fernandez, Daniel David 

Lim, Chong Eang 
McHutcheson, George Browne 
van der Merwe, Frederick 
O'Farrell, Patrick Theodore Joseph 
Renner, Edowo Awunor 
Vaughan, James Churchwill 
Waller, Harold William Leslie 


Allen, George Phillip Farmer 
Corfield, Charles Russell 
Hamid, Abdul 

Longhurst, Bell Wilmott 
Macvae, George Anthony 
Madan, Hans Raj 

Mulligan, William Percival 
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Nixon, Robert 

Richmond, Arthur Stanley 
Shri Kent, Shamsher Singh 
Skinner, James Macgregor 
Stewart, Robert Bell 
Thomson, Marion 


Bhatia, Jagat Ram 

Cohen, Morris Joshua 
Crawford, Andrew Clemmey 
Gilmore, Edward Raymond 
Gracias, Cajetan Manuel 
Jennings, Arthur Richard 
Lethem, William Ashley 
Paul, Sachchidananda Hoshen 
Pinder, John 

Rieley, Stanley Desmond 
Rutherford, Gladys 


Stewart, Quinton 


Abelman, B. 

Basu, Dhirendranath 
Cruickshank, John Cecil 
Doherty, Winifred Irene 
Edghill, Winifred M. 
Elsohn, John 

Fraser, N. D. 

Lee, R. 

Pierce, E. R. 

Raja, Rojaporum 

Reid, C. B. B. 
Richmond, A. E. 
Steven, J. B. 

White, Charles Francis 


Bilimoria, H. S. 
Carson, J. C. 
Chopra, B. L. 
Davis, B. L. 

Hardy, M. J. 
Jennings, C. B. 
Johnstone, F. J. C. 
Keirans, J. J. 

Lee, S. W. T. 
Macdonald, G. 
Maclean, G. 
Mathur, W. C. 
Mitchell, J. M. 
Owen, D. Uvedale 
Palmer-Jones, Beryl 
Sankeralli, E. J. 
Singh, H. 

Theron, Elizabeth M. 


Adams, Alfred Robert Davies 
Ashton, Frank Richard 
Ashworth, Esther 
Bamford, Charles Walker 
Beinashowitz, Jack 

Black, John 

Clark, George 

Coghlan, Bernard A. 
Collier, Ivy 

Crawford, E. J. 
Cumming, Patrick Grant 
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1925 Ellam, Mary Muriel 1926 Rodrigues, N. 
1925 Fisher, Morris 1926 Sachdev, A. S. 
1925 Green, Frederick Norman 1926 Singh, B. 
1925 Grutu, M. S. 1926 Singh, J. 
1925 Hawe, Albert J. 1926 Talib, S. A. 
1925 Jafri, Z. H. 1926 Tan, C. L. 
1925 Johnstone, Elvy I. 1926 Taylor, Catherine F. 
1925 Kerr, James R. 1926 ‘Turnbull, N. S. 
1925 Mackay, Donald M. 1926 ‘Turner, J. G. S. 
1925 Mackay, E. K. 1926 Vardya, B. Kk. 
1925 Makkawi, M. 1926 Varma, T. N. 
1925 Maldonado, Leopoldo Garcia 1926 Voigt, C. 
1925 Mar, Severo Francisco 1926 Wasti, S. N. 
1925 Mozoomdar, B. P. 
1925 Shah, Khwaja Samad 1927 Allen, C. P. 
1g25  Skan, Douglas A. 1927 Bahl, M. L. 
1925 Stone, Ernest R. 1927 Barrowman, B. 
1925 Terrell, C. G. 1927 Bawa, I. S. 
1925 ‘Tooth, Frederick 1927 Bilimoria, J. D. 
1925 de Waal, Jacobus Johannes 1927 Burns, W. M. 

1927. Daly, E. J. 
1926 Aitken, W. J. 1927 Dunlop, G. A. 
1926 Ashworth, A. 1927 Dyream, V. 
1926 Austin, T. A. 1927 Evans, R. R. 
1g26 Bansikar, R. N. 1927 Farid, M. 
1926 Besson, W. W. 1927 Gillespie, A. M. 
1926 Bligh-Peacock, R.N. 1927. Gunawardana, S. A. 
1926 Bolton, Effie G. 1927 Harkness, J. 
1926 Boodrie, E. H. 1927 Hay, R. 
1926 Brito-Mutunayagam, M. A. B. 1927 Hodivala, N. M. 
1926 Campbell, J. McP. 1927 Hughes, Emma 
1926 Cullen, T. 1927 Hyslop, Kathleen M. 
1926 Davies, H. FE. 1927 Ingram-Johnson, R. E. 
1926 Dias, B. G. V. 1927 Kapadia, J. S. 
1926 Doherty, H. A. A. 1927. Khan, F. A. 
1926 Don, E. G. 1927. Khan, M. M. 
1926 Earl, J. C. St. G. 1927 Labuschagne, P. N. H. 
1926 Fletcher, Beatrice N. 1927. Laird, W. J. 
1926 Fowler, H. P. 1927. Lewin, B. F. 
1926 Fowler, Isabella J. 1927. Macdonald, J. 
1926 Hamilton, J. 1927. McElroy, R. S. 
1926 Hodgkinson, Katharine M. 1927 Maclay, W. S. 
1926 Jackson, R. 1927 Maguire, H. G. 
1926 Kamakaka, K. H. 1927 Mahaffy, A. F. 
1926 Kennedy, J. H. 1927 Malhotra, A. H. 
1926 Khatri, L. D. 1927 Malhotra, A. L. 
1926 Lennox, D. 1927 Manghirmalani, B. S. 
1926 Lewis, A. J. 1927 Meek, A. I. 
1926 McConn, C. F. 1927. Mehra, J. N. 
1926 Mackay, A. G. 1927. Mehta .H. C. 
1926 McLean, N. 1927. Menon, M. V. 
1926 MacSweeney, M. 1927. Miller, H. V. R. 
1926 Malhautra, K. L. 1927 Mokand, S. N. 
1926 Malik, S. B. 1927 Murgatroyd, F. 
1926 Manuwa, S. L. A. 1927. Murray, A. J. 
1926 Merchant, M. E. 1927 Murray, Pauline V. 
1926 Mitchell, W. H. 1927. Nevin, H. M. 
1926 Molony, E. F. 1927 Nirula, P. N. 
1926 Nashikkar, S. G. 1927 Olusoga, N. T. 
1926 Oppenheimer, F. 1927. Parakh, D. B. 
1926 Ormiston, W. S. 1927 Peters, D. O. 
1926 Paterson, F. S. 1927 Peters, M. R. 
1926 Patterson, F. L. 1927 Pottinger, J. H. 
1926 Pouri, V. 1927 Rao, R. S. 
1926 Quigley, L. D. 1927 Rodriguez, G. V. S. 
1926 Robertson, A. 1927 Shah, S. R. A. 
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1928 
1928 
1928 
1928 
1928 
1928 


Singh, H. 

Southward, J. F. 
Sturton, S. D. 
Thompson, Frances C. 


de Villiers, B. J. van de S. 


Walkinshaw, R. 
Wilkinson, S. A. 


Ahluwalia, C. L. 
Aidin, A. R. 
Anand, J. S. 
Beveridge, Ruby S. 
Blakemore, W. L. 
Camps-Campins, J. M. 
Chopra, A. N. 
Cranage, Margaret 
Dhala, C. H. 
Dhar, K. kK. 

Fine, J. 

Henshaw, L. E.R. 
Holmes, W. FE. 
Hope-Guill, C. W. 


The following have obtained the Diploma in Tropical Hygiene 


Date of 
Diploma 


1928 Kane, F. 

1928 Katial, C. L. 
1928 Khan, F. M. 
1928 McLaren, D. W. 
1928 Mason, Jean R. 
1928 Mitchell, A. 
1928 Mone, R. V. 
1928 Morley, A. H. 
1928 Mufty, S. 

1928 van Niekerk, S. V. 
1928 Pandit, M. kK. 
1928 Pearce, W. T. A. 
1928 Rao, B. D. 

1928 Reid, A. 

1928 Shearer, G. 

1928 Singh, B. 

1928 Sivalingam, S. 
1928 Stratton, Ella M. 
1928) Tuli, R. L. 

1928) Udvadia, F. F. 
1928 Wagle, P. M. 
1928 Whig, P. L. 
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Clark, G. 
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Cullen, T. 
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Fowler, H. P. 
Hawe, A. J. 
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Mackay, D. M. 
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Talib, A. 
Turnbull, N. S. 


Allen, C. P. 
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Dunlop, G. A. 
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Diploma 
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1927 Harkness, J. 
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1927 McCon, C. F. 

1927 Macdonald, J. 

1927 Mitchell, Winifred H. 
1927 Murray, A. J. 

1927. Nevin, H. M. 

1927. Nixon, R. 

1927 Ormiston, W. S. 

1927. Robertson, A. 

1927 Walkingshaw, R. 


1928 Evans, R. R. 
1928 Miller, H. V. R. 
1928 Pottinger, J. H. 
1928 Pearson, G. H. 
1928 Laird, W. F. 
1928 Wilkinson, S. A. 
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ON A CASE OF HYMENOLEPIS 
DIMINUTA Ruop., 1819 


BY 


KENJI MOMMA, M.D. 
(Pathological Department of Osaka Medical College, Osaka, Japan) 
(Recetved for publication 28 November, 1927) 


In the middle of September, 1927, our laboratory received, from 
Dr. Nonaka, specimens of four strobiles of a cestode passed by a 
baby, 253 days old. Professor Yoshida identified them as 
Hymenolepis dininuta Rud., 1819, and he observed the fertilised 
eggs in a gravid segment of one strobile. 

Several cases have been reported in Japan. S. Katsunuma first 
reported a case in a girl 14 years old, in December, 1916, in Tokyo ; 
Rk. Hoki found the eggs of the same species in a soldier in the district 
of Okinawa, in December, 1915; similar eggs were found in a 
primary school child in the district of Fukui and also in a peasant, 
near Omiya, by Kon. In the winter of 1920, S. Katsunuma obtained 
a strobile of the same species, 8 cm. long, and greyish in colour, 
from a girl aged 4 years, in Nagoya. Y. Tamura not only found 
one strobile, without head, of the species in two _ patients, 
but also discovered its eggs in six other patients. On another 
occasion an egg, identified as that of H. diminuta, was passed by a 
primary school child in Aichi (sent to the Hygienic Laboratory at 
Aichi). In September, 1922, S. Inatama reported a case in a 4-year 
old girl, in Shizuoka; in 1925, in Tokushima, R. Fujita reported 
obtaining seven adult worms from a girl aged 12 years, with carbon 
- tetrachloride. 

The writer gives details below of a case observed by him. The 
patient was born at Goiyo, on January 5th, 1927, and passed four 
cestodes, each without scolex, on 4th September (253 days after 
birth) and September 16th. 
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The measurements of the worms fixed in 70 per cent. alcohol, are 
as follows :— 


Tasre I. 
Length Breadth | Remarks 
| 
| 
I ite ah swe go mm. | I mm. No eggs found in posterior segments 
| 4o mm. | Imm. No eggs found in posterior segments 
; 42 mm. I mm. Eggs found in posterior segments 
| 
4 ve bs ed 55 mm. 2mm. Eggs found in posterior segments 


Subsequently the writer examined closely the faeces from the 
child, but no eggs were found. The infant was fed on mixed 
nutrition for sixty days after birth, and was subsequently removed 
to Osaka. Her development was good. 

Generally, the larval stage of H. diminuta occurs in a small moth, 
Asopia farinalis, in adults as well as in larvae; also in Amisolabis 
annulipes, in Akis spinosa and Scaurus striatus, and in the rat flea, 
Ceratophyllus fasciatus, and Xenopsylla cheopis. The adult worm 
is found in the small intestines of the rat. The mode of infection 
in the present case is unknown. 

It seems unquestionable that human infection occurs by 
accidentally swallowing an infected intermediate host, such as those 
above mentioned. According to Chandler the chief means of 
infection is the accidental ingestion of the larvae of the meal moth 
(Asopia farinalis) and the meal worm (Tenebrio molitor), and possibly 
other insects or larvae found in such foods as breakfast cereals, 
potato chips or uncooked dried fruits. On the other hand, Geddlst 
believes that the accidental swallowing of rat fleas is a more probable 
means of infection than the ingestion of meal worms, but Chandler 
has a different opinion, which he bases on the more extensive use of 
pre-cooked cereals in the United States of America than is the case 
in Europe, and also on the fact that, judging from the examination 
of fleas from infected rats, only about 4 per cent. of fleas are infected. 
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In 1922, G. Hongo reported, from Japan, the following nine 
species of insects as intermediate hosts of H. diminuta, determined 
as a result of exact experiments by him :— 

1. Pytalis farinalis L. (larva, pupa and imago). 
2. <Aglossa dimidiaia Haw (larva imago). 
Tribolium ferrugineum 
Paralipsa gularis Zell. 
Tinea granella L. 
Four species of unknown insect-larva. 


Go 


The writer is greatly indebted to Dr. Nonaka, who presented the 
specimens. 
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ERYTHROCYTE FRAGILITY TEST 


BY 


Dr. G. R. ROSS 


RHODESIAN RESEARCH FELLOW, LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE 


(Received for publication 1 December, 1927) 


I. THE TECHNIQUE OF THE ERYTHROCYTE 
FRAGILITY TEST 


In diseases in which intravascular erythrocyte destruction is 
known to take place, an analysis of the possible mechanism whereby 
such destruction occurs, must always include the probability of an 
alteration in the resistance of the erythrocyte to its physico-chemical 
environment. It is known that the normal erythrocyte undergoes 
lysis when immersed in solutions of lower osmotic pressure than 
that of plasma, and an alteration in the usual behaviour to such 
hypotonic solutions, in the direction of an increased sensitiveness 
to degrees of hypotonicity which would leave the normal cell 
unaffected, must always be thought of as a possible etiological 
factor in pathological erythrocyte destruction. 

It is essential, however, before considering pathological variations 
in resistance, to remark upon the behaviour of normal erythrocytes 
when exposed to increasing degrees of hypotonicity. The usual 
manner of expressing the results of experiments conducted along 
these lines, by saying that haemolysis commences at a certain 
concentration of sodium chloride and is complete at a certain lesser 
concentration, can convey but little information on the essential 
features of the phenomenon. Recent and more detailed experiment, 
however, has increased our knowledge of the process. Thus 
Brinkman (1922) has demonstrated that the curve of resistance of 
normal erythrocytes is S-shaped, showing that cells vary in resistance, 
some being lysed by comparatively concentrated solutions of sodium 
chloride, others resisting low tonicities while the majority are inter- 
mediate in position. 

Ponder (1924) expresses this result mathematically by stating 
that the resistances of erythrocytes to haemolysis by hypotonic 
saline are distributed according to a roughly symmetrical frequency 
curve. The exact concentrations of sodium chloride at which 
haemolysis commences, and at which it is complete with normal 
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cells, is a point on which opinions differ. Within certain limits this is 
understandable for due allowance must be made for physiological 
variations. Stitt (1923) gives haemolysis as commencing between 
concentrations of 0-42 per cent. to 0-38 per cent., and as complete, 
between 0-36 per cent. and 0-32 per cent. 

Beaumont and Dodds (1924) give commencing haemolysis at 
0-45 per cent. and complete at 0-35 per cent. Kolmer (1924) regards 
as the normal, commencing haemolysis at 0-45 per cent. and complete 
haemolysis at 0-38 per cent., while Ponder (1924) simply states 
that, with normal human cells, lysis occurs in concentrations of 
0-6 per cent. or less. It is probable that Ponder’s more guarded, 
and seemingly discrepant statement is more accurate than the 
others, since his methods of observation recommend themselves 
as being more exact than those of the other observers. The latter 
base their conclusions upon the results of tests conducted by what 
has come to be known as the ‘ fragility’ test, and which is now a 
recognised procedure of laboratory medicine. 

The ‘ fragility’ test, as usually performed, consists in adding a 
measured quantity of blood to solutions of sodium chloride of 
diminishing concentration, and noting, by naked eye observation, 
the points of commencing and complete haemolysis. It is 
unnecessary to emphasise that the sodium chloride content of these 
hypotonic solutions must be controlled by titration, if the results 
are to be accepted as accurate. This method of conducting the test 
is, however, open to criticism on various points. From the practical 
point of view there exists the difficulty, unless the range of hypotonic 
fluids is wide, of accurately determining at what point haemolysis 
actually does commence and at what point it is complete. Moreover, 
even provided the range is adequate, it is often extremely difficult 
to say in which tube haemolysis is almost complete and in which it is 
complete. This criticism may be objected to as being only of minor 
importance, but, from the strictly scientific point of view, if the 
difficulty can be obviated, it is desirable that it should be. 

On theoretical grounds, however, the test has further dis- 
advantages. Ponder, in his analysis of the action of simple haemo- 
lysins on mammalian red cells, summarises recent research work 
on the action of hypotonic fluids, and in this he points out that it is 
most unsatisfactory to test the resistance of erythrocytes in varying 
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concentrations of pure sodium chloride alone. Sodium chloride 
has been shown to increase the permeability of the cell membrane, 
an effect which is diminished by the action of calcium. If, then, we 
are to approximate to 7m vivo conditions, it seems desirable that a 
series of hypotonic fluids as closely resembling the natural environ- 
ment of the corpuscle in ionic content as possible, should be sub- 
stituted for solutions of pure sodium chloride, and that variations in 
hypotonicity should be achieved by varying the sodium content 
alone, the other constituents remaining constant. 

It has already been pointed out that the fragility test, as 
usually performed, only admits of two stages in the process of 
haemolysis being accurately, or fairly accurately determined, namely 
the point of commencing haemolysis and the point of complete 
haemolysis. Regarding the intermediate stages it can convey no 
information more accurate than can be deduced from such terms as 
‘slight haemolysis, ‘marked haemolysis,’ an ‘almost complete 
haemolysis.’ A consideration of the curve of erythrocyte resistance 
must lead to the conclusion that in pathological modifications of 
resistance one of two things may happen :—The curve may be 
altered in position, to the right or left of the normal, or it may be 
altered in shape. If the salt content is plotted against percentage 
haemolysis, the abscissa representing the concentration of sodium 
chloride, the greatest concentration being on the left, then in condi- 
tions of increased resistance the curve will be shifted to the right, 
whereas in diminished resistance the reverse will hold good. Possible 
change in position of the curve can undoubtedly be determined by 
the usual fragility test. Thus, diminished resistance in acholuric 
familial jaundice and increased resistance in obstructive jaundice 
have been generally recognised. As regards possible alterations in the 
shape of the curve, however, no satisfactory information can be 
obtained. This, obviously, it is most important to obtain. In 
acholuric jaundice, for example, we know that resistance as a whole 
is diminished, but we are ignorant whether the distribution of the 
decreased resistance among the erythrocytes follows the normal curve. 
The desirability of obtaining information on this point is, however, 
most urgently required in diseases, in which, although there is 
undoubted intravascular destruction, the usual fragility test has 
given inconclusive results. In pernicious anaemia, for example, 
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while there is agreement that no definite increase or decrease of 
resistance, comparable to that in the diseases mentioned above occur, 
there would seem to be a slight difference from the normal. How 
impossible it is definitely to evaluate this difference is exemplified by 
contrasting the statement of Kolmer, who states that the cells are 
generally more fragile than normal, with that of Stitt, who states 
that increased resistance occurs in the disease. 

To overcome the theoretical and practical disadvantages 
associated with the usual manner of testing erythrocyte fragility it 
would seem that at least two modifications in technique seem called 
for. In the first place the ionic constitution of the hypotonic fluids 
must approximate to that of plasma, and secondly the test must give 
an adequate idea of how the resistance of the erythrocytes is 
distributed during haemolysis. A test in which these essentials 
have been borne in mind has been devised by Simmel (1923). In 
this a standard fluid of the following composition is first made up :—— 


Sodium chloride... sux ... 82 grammes. 
Magnesium chiloride ORO 
Sodium acid phosphate... a. 


This fluid, it is claimed, is isotonic with whole blood, is buffered 
to the same degree and contains the salts in approximately the 
same amounts as they are present in blood. A series of four 
hypotonic solutions is then made up, these solutions containing, 
respectively, 70 per cent., 60 per cent., 50 per cent., and 40 per cent. 
of the standard fluid, each being made up to 100 with distilled water. 

The test is then conducted as follows :— 

An erythrocyte count is made in the usual manner, employing 
Hayem’s fluid, or the standard fluid, as the diluting medium. At 
the same time, in ordinary blood pipettes, blood is diluted I in 400 
with each of the four hypotonic fluids. The blood is thoroughly 
mixed and the pipettes allowed to stand at room temperature for 
one hour. At the end of this time, the pipettes are again thoroughly 
shaken and the number of erythrocytes remaining are counted on 
any of the usual forms of blood-counting apparatus. The results are 
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expressed first as content per I c.mm. of blood, and the figures then 
reduced to percentages of the normal erythrocyte count previously 
determined. 

Thus in the test a numerical computation of the number of 
surviving erythrocytes at the various degrees of hypotonicity is 
substituted for ocular appreciation of degrees of haemolysis, which 
substitution undoubtedly permits of more accurate knowledge 
being obtained of the process of haemolysis and the distribution of 
resistances amongst the corpuscles. 


II. THE ERYTHROCYTE FRAGILITY TEST IN 
BLACKWATER FEVER 


In blackwater fever, in which sudden and extensive intra- 
vascular haemolysis occurs, it is natural that enquiry should be 
directed towards the reaction of the erythrocytes to osmotic pheno- 
mena. The results, however, which have been obtained by the 
ordinary fragility test, have been for the most part negative. Thus 
J. G. Thomson (1924), in a summary of the findings, states that 
Stephens and Christophers, Christophers and Bentley, and Dudgeon 
have all reported that no change from normal occurs. On the 
other hand, however, Bijon is quoted as finding diminished resistance, 
while reference is also made to the fact that some authors have 
reported increased resistance. 

With the object of obtaining further and more detailed informa- 
tion, a number of cases of blackwater fever and malaria, along with 
normal controls, were tested by Simmel’s technique, which was 
slightly modified in one particular. The modification consisted in 
reducing the sodium chloride content of the standard fluid only, 
the other constituents remaining constant. The sodium chloride 
content was reduced to 70 per cent., 60 per cent., 50 per cent., 
and 40 per cent. of the content of the standard fluid in the four 
hypotonic solutions. In order to minimize errors due to inaccurate 
calibration of the blood pipettes, a series of Zeiss pipettes tested at 
the German national physical institute, were employed throughout 
the tests. In the actual counting of the corpuscles a Burker type 
haemacytometer with Tirck rulings was employed. The dilutions in 
the standard fluid and in the four hypotonic fluids were made at the 
same time and all were allowed to stand for one hour at room 
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while there is agreement that no definite increase or decrease of 
resistance, comparable to that in the diseases mentioned above occur, 
there would seem to be a slight difference from the normal. How 
impossible it is definitely to evaluate this difference is exemplified by 
contrasting the statement of Kolmer, who states that the cells are 
generally more fragile than normal, with that of Stitt, who states 
that increased resistance occurs in the disease. 

To overcome the theoretical and practical disadvantages 
associated with the usual manner of testing erythrocyte fragility it 
would seem that at least two modifications in technique seem called 
for. In the first place the ionic constitution of the hypotonic fluids 
must approximate to that of plasma, and secondly the test must give 
an adequate idea of how the resistance of the erythrocytes is 
distributed during haemolysis. A test in which these essentials 
have been borne in mind has been devised by Simmel (1923). In 
this a standard fluid of the following composition is first made up :-— 


Sodium chloride... ... 82 grammes. 
Sodium acid phosphate... 


This fluid, it is claimed, is isotonic with whole blood, is buffered 
to the same degree and contains the salts in approximately the 
same amounts as they are present in blood. A series of four 
hypotonic solutions is then made up, these solutions containing, 
respectively, 70 per cent., 60 per cent., 50 per cent., and 40 per cent. 
of the standard fluid, each being made up to 100 with distilled water. 

The test is then conducted as follows :— 

An erythrocyte count is made in the usual manner, employing 
Hayem’s fluid, or the standard fluid, as the diluting medium. At 
the same time, in ordinary blood pipettes, blood is diluted 1 in 400 
with each of the four hypotonic fluids. The blood is thoroughly 
mixed and the pipettes allowed to stand at room temperature for 
one hour. At the end of this time, the pipettes are again thoroughly 
shaken and the number of erythrocytes remaining are counted on 
any of the usual forms of blood-counting apparatus. The results are 
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expressed first as content per I c.mm. of blood, and the figures then 
reduced to percentages of the normal erythrocyte count previously 
determined. 

Thus in the test a numerical computation of the number of 
surviving erythrocytes at the various degrees of hypotonicity is 
substituted for ocular appreciation of degrees of haemolysis, which 
substitution undoubtedly permits of more accurate knowledge 
being obtained of the process of haemolysis and the distribution of 
resistances amongst the corpuscles. 


II. THE ERYTHROCYTE FRAGILITY TEST IN 
BLACKWATER FEVER 


In blackwater fever, in which sudden and extensive intra- 
vascular haemolysis occurs, it is natural that enquiry should be 
directed towards the reaction of the erythrocytes to osmotic pheno- 
mena. The results, however, which have been obtained by the 
ordinary fragility test, have been for the most part negative. Thus 
J. G. Thomson (1924), in a summary of the findings, states that 
Stephens and Christophers, Christophers and Bentley, and Dudgeon 
have all reported that no change from normal occurs. On the 
other hand, however, Bijon is quoted as finding diminished resistance, 
while reference is also made to the fact that some authors have 
reported increased resistance. 

With the object of obtaining further and more detailed informa- 
tion, a number of cases of blackwater fever and malaria, along with 
normal controls, were tested by Simmel’s technique, which was 
slightly modified in one particular. The modification consisted in 
reducing the sodium chloride content of the standard fluid only, 
the other constituents remaining constant. The sodium chloride 
content was reduced to 70 per cent., 60 per cent., 50 per cent., 
and 40 per cent. of the content of the standard fluid in the four 
hypotonic solutions. In order to minimize errors due to inaccurate 
calibration of the blood pipettes, a series of Zeiss pipettes tested at 
the German national physical institute, were employed throughout 
the tests. In the actual counting of the corpuscles a Burker type 
haemacytometer with Tiirck rulings was employed. The dilutions in 
the standard fluid and in the four hypotonic fluids were made at the 
same time and all were allowed to stand for one hour at room 


Age 
i 
| 
ail 
| 
7 


10 


temperature before the counts were made. In the majority of cases 
two and sometimes three counts were made of each specimen, and 
the resulting average taken as the final figure. In cases where the 
results seemed to diverge from the average the figures were 
checked by a second observer. It was thus hoped to reduce, as far as 
possible, the errors invariably associated with any blood counting 
method. 


(a) THE BEHAVIOUR OF NORMAL ERYTHROCYTES. 


A series of twenty normal cases was first investigated. These 
were chosen from the laboratory and hospital personnel, and all were 
healthy at the time of examination. It soon became evident that 
while the resistances of the erythrocytes were distributed along an 
S-shaped curve, considerable variation was to be expected in the 
percentage of erythrocytes remaining intact at each degree of 
hypotonicity. The greatest difference between maximum = and 
minimum values was found to exist in the 50 per cent. fluid. It was 
also found that a high resistance in the first and second hypotonic 
fluids was not necessarily followed by a relatively high degree of 
resistance in the 50 per cent. fluid. Thus one case, which gave 
values of 98 per cent. and 95 per cent. of the normal count in the 
first and second fluids, gave a value of only 8 per cent. in the third, 
while a second, which gave 85 per cent. and 87 per cent. in the 
first two, showed 57 per cent. remaining intact in the third. The 
following table gives a summary of the results obtained with the 
normal bloods :— 


I. 


20 Normal Bloods. 


70% fluid 60%), fluid 50% fluid 40%, fluid 


Highest value recorded ... is 99 6 93 % 60% 26% 
Lowest value recorded ... vee) 80% 65% $% 03% 
Average value recorded ... sol 92% 85% | 30% 16% 


These results are depicted graphically on Graph I. The shapes 
of the curves agree with those obtained by Leake and Pratt (1925), 
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in an examination of twenty-five normal males and twenty-five 
normal females by the original Simmel technique. Their percentage 
of haemolysis is slightly greater at the various hypotonicities than in 
the present series, but this may be explained by the slight modifica- 
tion of technique introduced. 


GrapH I. NorMAt CAasés. 
109 


20 


loo 7 60 #0 
Ordinate: Percentage of Resistant Cells. 
Abscissa: Percentage Simmel Fluids. 


It is at once evident that with the wide range through which 
normal variation can be expected to occur, any variation in a 
pathological condition must be constant and definite, before claims 
can be made of alterations in the behaviour of the erythrocytes to 
hypotonic environment. 


(b) THE BEHAVIOUR OF ERYTHROCYTES FROM CASES OF MALIGNANT 
TERTIAN MALARIA. 


In this series are ten acute cases of malignant tertian malaria, 
and both male and female patients are represented. In every case 
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the disease was clinically established and parasites were demon- 
strated in all. The tests were made generally after the first period 
of pyrexia, but in four cases two or more pyrexial periods had 
occurred. Anti-malarial treatment by quinine or plasmochin was 
being employed in every instance. It was argued that the test 
might be expected to show some deviation from the normal from the 
following consideration. Erythrocyte destruction, as demonstrated 
by a reduction of the red cell count, was present in all. It might 
well be that this destruction involved the more fragile type of 
erythrocyte and the hypotonicity test might thus be expected to 
reveal an increased proportion of resistant cells. 

Again, in those cases in which erythrocyte destruction was not 
marked and which showed numerous parasites in blood smears, there 
was the possibility of the infected cells showing an altered reaction 
to hypotonic fluids. 

The results which were obtained are shown in Table II. 


II. 


10 Malarial Bloods. 


70%) fluid 60%), fluid 50% fluid 40%, fluid 
Highest value recorded ... 97% 94 % 68% 42% 
Lowest value recorded te 80% 10% 04 % 
Average value recorded ... gi 84% a3 % 


Graph II is constructed from the data in this table. It will 
be seen that with the exception that the figure in the 50 per cent. 
column is relatively high, there is no striking difference between the 
curve obtained here and that obtained in normal cases. The 
distribution of the resistances of the erythrocytes must therefore be 
regarded as possessing no distinctive feature in malignant tertian 
malaria. It is true that out of the ten cases examined four showed 
a figure in the 50 per cent. fluid of 60 per cent. or over, whereas only 
two of the normal series approximated to this number. ‘The fact, 


however, that these two were cases in whom the past history 
was accurately known and in whom no history of malaria, recent or 
remote, was obtainable, must lead to hesitation in claiming the 
resistance in the four malarial cases to be abnormal. 
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GrapH II. Matraria Cases. 
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Ordinate: Percentage of Resistant Cells. 


Abscissa: Percentage Simmel Fluids. 


(c) THE BEHAVIOUR OF ERYTHROCYTES FROM CASES OF BLACKWATER 
FEVER. 

The cases which comprise this series are six in number and 
include five males and one female. In five the test was performed 
within twenty-four hours of the commencement of haemoglobinuria. 
The sixth was performed four days after the commencement of the 
disease, when the patient’s urine had been free from haemoglobinuria 
for forty-eight hours. 

The results obtained are shown in Table III. 

Taste III. 


Erythrocyte fragility in six cases of Blackwater Fever. 


70% fluid 60% fluid | 50% fluid 40% fluid 


Highest percentage obtained... o7 % go % 55% 24% 
Lowest percentage obtained... 86% 70% 13 % 05 % 
Average percentage obtained... 90% 81% 2% 155% 


Graph III is plotted from these data. 
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Here again, as in the malarial cases examined, the distribution 
of the resistances of the erythrocytes to hypotonic conditions must 
be regarded as being within normal limits. Not only, then, does the 
Simmel test corroborate the findings of Stephens and Christophers, 
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and Christophers and Bentley, that no change of position of the 
curve of erythrocyte fragility occurs in blackwater fever, but it gives 
the further information that the distribution of erythrocyte resistance 
follows that of normal erythrocytes. 
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COMMENT 


The fact, that no appreciable change from the normal curve of 
erythrocyte resistance to hypotonic saline has been demonstrated in 
these cases of blackwater fever, can undoubtedly be most easily 
explained by assuming that resistance to hypotonic saline is no 
guide to the resistance possessed by the erythrocytes to other 
haemolytic influences. While Ponder has shown, that with simple 
haemolysins at least, the resistances of the erythrocytes in every 
case are distributed, if allowance is made for accelerating and 
inhibiting influences, according to symmetrical frequency curves, 
there is no reason to believe that resistance to one haemolytic agent 
runs parallel to resistance to another haemolytic agent. Thus 
Barcroft (1926) has shown that erythrocytes expelled from the 
spleen pulp lake more easily in hypotonic saline than erythrocytes 
from the general circulation of the same individual, but that if 
the resistance of the corpuscles to saponin is investigated, it is 
found that the erythrocytes from the spleen are more resistant than 
those from the general circulation. He quotes Rywosch (Ryvosh, 
according to Ponder), as having reported a similar finding. 

In view of this it seems perfectly legitimate to conclude that the 
haemolytic process in blackwater fever is one which is independent 
of osmotic changes in the corpuscles. It is possible, however, that 
that explanation does not take all the facts of the case into account. 
Barcroft’s recent work on the spleen has indicated that the role of 
this organ in the removal of corpuscles from the general circulation 
has not been sufficiently appreciated in the past. He has shown, as 
stated above, that the erythrocytes obtained from the spleen pulp 
are different from those obtained from the general circulation, and he 
regards the spleen as acting as a differential filter. He considers that 
the more fragile a corpuscle is to hypotonic saline, the more likelihood 
there is of its being retained in the splenic pulp, but does not restrict 
the quality prompting retention to fragility alone. Kingsbury (1926) 
considers that in malaria there exists the probability that the spleen 
may filter off infected corpuscles. The actual volume of blood 
which can be stored in the spleen is considerable and may amount to 
one-sixth of the total volume in the body. It is thus conceivable, 
provided the haemolysis of blackwater fever occurred in these stored 
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corpuscles, that this destruction, even if due to osmotic influences, 
would have but little influence on the reaction of corpuscles circu- 
lating in the general circulation. The situation may be summarised 
by saying that if the haemolytic process of blackwater fever takes 
place in the general circulation, then results of hypotonicity tests 
would seem to prove that osmotic changes in the corpuscles do not 
account for the phenomenon, but the possibility of the process taking 
place in some organ, probably the spleen, must always be considered, 
in which case even if osmosis were responsible, no change in the 
circulating corpuscles could be expected, as long as the spleen 
retained its differential filtering function. 
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A CASE OF RHODESIAN SLEEPING 
SICKNESS IN A EUROPEAN, CON- 
TRACTED IN THE IKOMA SLEEPING 
SICKNESS AREA OF TANGANYIKA 
TERRITORY 


BY 


J. F. CORSON 


ASSISTANT BACTERIOLOGIST, TANGANYIKA TERRITORY 
(Received for publication 29 December, 1927) 


The patient, a medical officer of the East African Medical Service, 
first encountered and was bitten by tsetse flies, G. swynnertont, 
on April 24th, 1926, in an area in which no case of sleeping sickness 
had hitherto been found. On May 4th and 5th he visited, camping 
there for one night, a small native settlement notorious for the 
number of deaths from sleeping sickness that had occurred there 
during the previous year and more recently, and was there attacked 
and probably bitten by G. swynnertont. Afterwards, until febrile 
symptoms appeared, he saw no tsetse flies though travelling in 
the sleeping sickness area and treating cases of sleeping sickness. 
Symptoms of illness began abruptly, without previous malaise, 
on May 22nd and continued, in spite of quinine by mouth and 
intramuscularly, until May 30th, when the blood was found to be 
swarming with trypanosomes. They were no doubt present before 
this date, but a poorly stained thin blood film, hastily examined, 
on May 22nd, failed to show them. Owing possibly to the inferior 
quality of the water, thick films could not be stained properly. 
The thin film of the 30th May showed from 3 to 5 or more trypano- 
somes per field (1/12) and more than 1,200 were counted in less 
than one-tenth of the film area. ‘ Bayer 205’ was given as follows :— 


Date ... ... May 30 June I 3 8 13 18 
Day of illness ... 9 II 13 18 23 28 
Dose... I I o8 2 2 grammes 


The first two doses were intramuscular: the first into the gluteal 
muscles was not followed by pain; the second, into the front of 
both thighs, was followed, almost at once, and throughout the 
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next twenty-four hours, by intense pain. Later, an abscess, the 
contents of which were found to be almost entirely serum, developed 
in one thigh. The symptoms of sleeping sickness were relieved 
by the first dose, but there was again fever on June 2nd. There 
was no albuminuria throughout. Inoculation of a white rat and 
a guinea-pig on July 17th failed to infect them. Tryparsamide was 
given as follows :— 


Date ...July18 25 Aug. 1 8 29 Sept.§ Oct.4 10 17 
Dose ... 16 2°3 $ 3 2 3 2 3 3 grammes 


No relapse has occurred during a period of eighteen months sub- 
sequent to the onset of illness. The rapidity with which muscular 
wasting occurred is noteworthy and astonishing. A lumbar puncture 
was not made as there appeared to be no logical reason for it. As 
regards the mode of infection it may be mentioned that blood 
slides were taken from nearly, if not quite, all the inhabitants of the 
settlement, and all were negative. The people were removed, 
soon afterwards, to their respective villages. A list of their names 
and villages was taken at the time and, a year later, a personal 
local enquiry elicited the following information. Of 31 persons, 
11 belonged to a distant area and nothing was known of them. 
The remaining 20 belonged to local villages and two only had died, 
one from old age and the other from leprosy—this disease having 
been noted at the original visit. None of the natives accompanying 
the medical officer in May, 1926, are known to have contracted 
sleeping sickness. On May 5th, three natives only accompanied 
him on the house-to-house visits and none of these became infected. 
Assuming that the Medical Officer became infected at this place, 
it seems probable that it was by the bite of a cyclically infected fly. 
Perhaps the chief point of interest is that the patient was able to 
remain in his district and, after a brief period of convalescence, 
to continue his work, which was chiefly on sleeping sickness. He was 
thus spared the discomforts of a long voyage and the waste of time 
of an enforced leave. Though it will probably be some time before 
medical men will take the responsibility of treating early cases of 
Rhodesian sleeping sickness in white people entirely locally without 
a return to Europe for convalescence, this case indicates that it 
may at least be considered. The writer is not disposed to attribute 
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much beneficial effect on the course of the disease to a change of 
climate (the history of such cases previous to the discovery of 
‘Bayer 205’ being against this), and relies on the trypanocidal 
action of drugs, especially ‘ Bayer 205.’ When the patient can 
move to a fairly healthy part of the territory and live comfortably, 
under medical supervision, with reasonable freedom from risk of 
malaria and other infections, it is suggested that this may be prefer- 
able in some cases to a return to Europe. The question will naturally 
depend to some extent on the patient’s own wish. 
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SUSCEPTIBILITY AND RESISTANCE TO 
TRYPANOSOME INFECTIONS 


IV.—THE DURATION, SPECIFICITY AND 

HEREDITARY TRANSMISSION OF RESIST- 

ANCE ACQUIRED AFTER CURE WITH 
‘BAYER 205’ (GERMANIN) 


BY 


I. J. KLIGLER 
(Depariment of Hygiene, Hebrew University, Jerusalem) 


(Received for publication 3 January, 1928) 


In previous communications it was pointed out (1) that animals 
cured with ‘ Bayer 205’ develop a solid resistance to re-infection 
lasting four to five months, and (2) that in so far as could be ascer- 
tained, this refractory condition was cellular in character since, on 
the one hand, no specific humoral antibodies could be demonstrated 
and, on the other, blocking of the endothelial cells with oil, or their 
destruction by injections of Benzol, causes a break-down in the 
resistance. 

The object of the present paper is to report experiments bearing 
on the specificity of this acquired resistance and its intra-uterine 
transmissibility from mother to offspring. 

Guinea-pigs were infected with 7. evansi and, after the infection 
had lasted several weeks, they were cured with ‘ Bayer 205 ’— 
0-05 grm. per kilo. of body weight. After varying intervals the 
cured animals were re-infected, some with the homologous strain 
and others with 7. gambiense and T. rhodesiense respectively. In 
a few instances it was possible to test the resistance of offsprings 
from Bayer treated mothers, born at a time when the mothers were 
fully refractory to re-infection. The young guinea-pigs were always 


infected with the homologous strains. 
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The experiments and results are set forth in the following 


protocols :— 
1. Infection with 7. evansi and re-infection with the homologous 


strain : 


Guinea-Pic 1. Infected with 7. evansi, 21.xi.26. Treated with ‘ Bayer,’ 
14.xi1.26, Re-infected, 9.ii.27, with 1,000,000 trypanosomes. No _ infection 
developed. Period of observation, six months. Complete resistance two months 
after treatment. 


Guinea-Pic 2. Infected with J. evansi, 21.xi.26. "Treated with ‘ Bayer,’ 
14.x1i.26. Re-infected with J. evansi, 9.11.27 (1,000,000 trypanosomes). No 
indication of infection in the blood picture. Again re-infected with same amount 
of the same organism, 23.111.27.. Trypanosomes found, after prolonged incubation, 
on 15.v.27. Died, 2.vi.27. A symptomatic infection for nearly two months as 
evidence of resistance. 


Guinea-Pic 3. Infected with JT. evansi, 21.x1.26. ‘Treated with ‘ Bayer,’ 
14.11.26. Re-infected with J. evansi (1,000,000), 9.11.27. Re-infected with 
T. evanst (1,000,000), 23.11.27. Positive after prolonged incubation, 28.iv.27. 
Died, 15.vi.27. 

Guinea-Pic 4. Infected with J. evansi, 25.11.27. ‘Treated with ‘ Bayer,’ 
13.1v.27. Re-infected with 7. evansi, 16.vi.27. Re-infected with TJ. evanst, 
11.ix.27. Died, paratyphoid, 28.ix.27. Trypanosomes negative. 


Guinea-Pic 5. Infected with 7. evansi, 25.11.27. Treated, 13.1v.27. Re- 
infected with JT. evansi, 26.vii.27. Negative trypanosomes. Died, 10.viii.27. 
Paratyphoid infection. 


2. Re-infected with heterologous strains : 


Guinea-Pic 6, Infected with JT. evansi, 9.xi.26. Treated with ‘ Bayer,’ 
6.xii.26. Re-infected with J. evansi, 21.x1i1.26. Re-infected with T. gambiense 
(100,000), 19.1.27. Died from intercurrent infection, 19.11.27. “Trypanosome 
infection negative. 


Guinea-Pic 7. Infected with J. evansi, 19.x.26. ‘Treated with ‘ Bayer,’ 
10.xi.26. Re-infected with TJ. evansi, 21.xi1.26. Re-infected with TJ. evanst, 
19.1.27. Re-infected with T. gambiense, 9.11.27. Trypanosomes positive, 24.11.27. 
Died, 29.111.27. Typical infection. 

Guinea-pPic 8, Infected, 9.xi.26. Treated, 6.x11.26. Re-infected with 
T. evanst, 21.xii.26. Re-infected with T. gambiense, 9.11.27. No signs of infection. 
Re-infected with gambiense, 23.i1.27.. Trypanosome positive, 6.iv.27. Animal 
died, 15.vi.27. ‘Typical infection. 

Guinea-Pic 9. Infected with J. evanst, 21.xi.26. Treated with ‘ Bayer,’ 
14.xii.26. Re-infected with gambiense, 9.11.27. Re-infected with T. gambiense, 
23,111.27. The animal remained well and was re-infected I.vili.27. Trypanosomes 
appeared in the circulation, I1.viii.27, and the animal died, 28.1x.27. 

TRANSMISSION OF Resistance. GutNnea-p1G ‘A.’ Infected, 25.i11.27, with 
T. evansi. Treated with ‘ Bayer,’ 13.iv.27. Re-infected, 26.vii.27.. Trypanosomes 
negative. Died, 10.viii.27, from paratyphoid infection. 

‘A? Orrsprine or ‘A,’ born 8.v.25. Infected at same time as the mother, 
26.vii.27, with J. evansi. Blood positive, 31.vii.27. Animal died of typical infec- 
tion, 7.Vi11.27. 
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Gurinea-ric 7B. Infected with 7. gambiense, 25.11.27. Treated with * Bayer, 
13.1v.27. ‘Two pigs born, 8.v.27 ; developed normally. On 16.vi.27, both mother 
and offsprings infected with J. gambiense, the mother receiving a triple dose. The 
young guinea-pigs died of typical infections, 24.vii.27, and I.vili.27, respectively. 
‘The mother showed no sign of infection until ee yf 


Guinea-Pic 88. Infected with 7. gambiense, 25,111.27. ‘Treated with ‘ Bayer,” 
13.vi.27. Re-infected with 7. gambiense, 16.vi.27.  8.ix.27 a litter of three born. 
Development normal. On 21.x.27, mother and offsprings infected with T. gambiense. 
Mother received ten times the dose injected into the young guinea-pigs. The 
blood of the mother was negative until 15§.xi.27, while the offsprings developed a 
heavy infection in two days. 


Unfortunately these experiments have been interrupted by a 
severe epidemic of paratyphoid among the stock guinea-pigs, which 
also killed a number of the experimental animals. The results are, 
however, sufficiently uniform to indicate certain facts. The post- 
Bayer resistance is, as already observed, of variable duration lasting 
from three to five months. The resistance is non-specific in character 
and is apparently as effective against heterologous as homologous 
strains. The resistance 1s, moreover, not transmitted from mother 
to offspring, the young being susceptible to infection while the 
mother is still refractory to re-infection. All of these observations 
confirm the view that we are not dealing with a true immunity 
phenomenon as known in bacterial diseases, but a refractoriness 
resulting from the cure and, in some respects, due to the inter-action 
of the drug and the host. 


SUMMARY 


Experiments are reported which indicate that :— 

(1) Animals infected with 7. evanst and treated with ‘ Bayer’ are 
as refractory to re-infection with T. gambiense as with the homologous 
strain and for approximately the same period. The converse is also 
the case. Separation of species by this means is not feasible. 

(2) The refractoriness or resistance to re-infection is not trans- 
mitted from mother to offspring. 
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ON THE EFFECT ON THE LONGEVITY 
OF G. PALPALIS OF TRYPANOSOME 
INFECTIONS 


BY 


A. LYNDHURST DUKE, O.B.E., M.D., Sc.D. 


(Received for publication 4 February, 1928) 


In the course of a long experience of the experimental trans- 
mission of several species of trypanosomes by _ laboratory-bred 
G. palpalis, | have been struck many a time by the frequency with 
which cyclically infected flies live through to the end of an experiment, 
i.e., for a period of at least thirty days. From time to time very 
striking instances of this survival occur, when, for example, every 
infected fly in a box lived until the final anaesthetic terminated 
the experiment. Almost subconsciously the impression grew 
that the presence of developing flagellates in the fly’s intestine 
helped to keep the insect in good health ; perhaps by aiding in the 
disposal of the regular and copious meals taken during its working 
life at the laboratory. 

I decided, therefore, to examine the accumulation of experimental 
data now available at the Entebbe Laboratory to see whether 
anything interesting would be revealed by a study of the mortality 
of the flies in these transmission experiments, infected and non- 
infected. The figures presented below relate to transmission 
experiments with ‘laboratory-bred’ flies performed during 1926 
and 1927. The flies, as they hatched out at the laboratory, were 
placed by fifties in small wire-faced wooden-sided experimental 
boxes, and in ordinary circumstances were fed every second day. 
All the boxes are kept over water in zinc trays on the same table 
of my room at the laboratory. During the first few days of an 
experiment there is often a relatively heavy mortality, especially 
if the weather is hot and dry. A certain proportion of the newly- 
hatched flies neglect their first opportunity of feeding, and either 
die of inanition or lose their stamina and die early in the experiment. 
Thus a certain number of weaklings die during the first week or 
ten days of an experiment from causes that do not operate later on. 
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In the present review all flies dying during the first ten days after 
the first feed on the infected animal are therefore neglected. 

The conditions prevailing at the laboratory throughout the 
year are fairly constant, though sometimes, especially in the hot 
season from December to February, a spell of dry weather tends 
to produce a temporary increase in the daily death-rate. 

No attempt has been made to correlate the fluctuations in the 
death-rate with the changes of the weather ; indeed, many of the 
boxes were exposed to a succession of different atmospheric changes. 
But as there was a continuous succession of transmission experiments 
in progress throughout the period under review, the figures should 
give a fairly true idea of the vigour of the flies under the conditions 
of life prevailing at the Entebbe Laboratory. 

It is realised that the data presented are very limited and that 
their statistical value cannot be very great. The number of infected 
flies, owing to the nature of the processes governing the cyclical 
transmission of trypanosomes by G/lossinae, is unfortunately very 
small, so that the calculation of percentages introduces grave 
possibilities of error. 

Under the most favourable experimental conditions possible 
at the laboratory, 20 per cent. of infected flies in a box is an unusually 
high figure. Usually the percentage of positive flies is much lower 
than this. Furthermore, it is impossible to secure real uniformity 
in the environment of the experimental flies. Apart from 
atmospheric effects, a number of uncontrollable influences must act 
differently on different boxes. Again, different strains of trypano- 
somes or differences in diet may exert different effects on the vitality 
of the fly, although I have seen no evidence that this is the case. 
No notable organic cause of death among the experimental flies 
has been detected in the course of years of experience of the trans- 
mission of trypanosomes by G. palpalis. Heavy bacterial infections 
of the intestine are seen from time to time, and I have noted that 
these only very rarely occur in flies infected with trypanosomes. 
But there is no evidence that these bacteria are pathogenic to the 
fly. Fungal infections, which are always lethal, are very rarely 
seen among the laboratory-bred G. palpalis employed at Entebbe. 

But in spite of many possible fallacies I believe that these 
figures do throw some light on an interesting subject, the adaptation 
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of a protozoon to an insect intermediate host. Biologically the 
point is important, for the story of the origin and evolution of the 
polymorphic mammalian trypanosomes is still very incomplete. 

These organisms fall into two main groups ; the evanst-equiperdum 
group, with no known true insect intermediary, and the brucei 
group which depends for its propagation on the Glossinae. Which 
of these groups is the more primitive ? 

Judged by the standard of adaptation to both intermediate 
and definitive host attained by such trypanosomes as T. lewtsi 
and 7. melophagium both these groups are far from perfect. The 
surra organisms are pathogenic to their mammalian hosts; the 
brucet group is only imperfectly adapted to the insect intermediary, 
though apparently non-pathogenic to wild game. Moreover, the 
transmissibility of the latter group by tsetse is a very unstable 
character, which, when once lost, is apparently never recovered. 
On morphological grounds, also, it would appear that the directly- 
transmitted species are the more stable. No one has ever witnessed 
in a strain of 7. evansi the development of the attributes charac- 
teristic of 7. brucet, i.e., transmissibility by tsetse and polymorphism. 
But it is by no means easy to distinguish from surra a_ non- 
transmissible monomorphic laboratory derivative of T. brucet. 

And so it may be that the association of these trypanosomes 
with tsetse is, biologically speaking, a recent step in the evolution 
of these parasites, and it is in this respect that the figures given 
in this paper seem to me to be of interest. 


* * * * * 


To illustrate the power of survival possessed by infected flies 
I have selected all individual experiments that contained five or 
more infected flies, 1.e., roughly 10 to 12 per cent. of the total number 
of flies comprised by one experiment. The summaries of these 
experiments are set forth in Table No. I. The flies in experimental 
boxes containing this or a higher percentage of positive flies may 
be considered to have had exceptional opportunities of becoming 
infected, and accordingly are particularly suitable for an examination 
of the effect of flagellates on the fly. It is out of the question to 
give in detail all experiments in which positive flies were found, 
so this arbitrary limit has been fixed. 
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28 
Taste No. I. 
Flies dissected Percentage of Number of flies | 
| during experiment flies alive Duration of | alive on last day | 
Experiment Strain of | on 30th day | experiment | of experiment | Date of experiment 
No. trypanosomes containing | | in days 
| Total | flagellates | non-infected | infected | non-infected | infected 
| | | 7. 
1B d.p. 29 5 65+1 800 | 48 9 | 2 | March to April, i924 
38 d.p. 55 6 | 66:6 40 21 March to April, 1924 
55 d.p. 31 5 45°1 Boro | 46 5 I | April to May, 1926 
73° d.p. 34 5 58:8 100°0 | 59 8 3. | May to June, 1924 
d.p. 42 8 59°5 100°0 | 40 25 8 to July, 1926 
lol g. 45 6 83°3 53 1 July to August, 1924 
111 d.p. 44 5 75°0 50 14 «July to August, 192/ 
112 d.p. 43 5 65°1 80-0 45 21 4 | July to August, 192/ 
IIs d.p. 43 5 63°7 80°0 | 37 | 26 3 | July to August, 1426 
117* g. 47 9 57°4 100'0 | 54 | 9 2 | July to August, 192% 
118 d.p. 48 5 | 33 33 | July to August, 
119 d.p. 36 6 444 | 50°0 | 34 16 3. July to August, 
120 46 54°3 | 75°0 | 33 2 | July to August, 1925 
‘25 3 7 44 10 $ to August, 
12 g. 46 8 67°4 875 | 50 3 1 | July to August, 1926 
127 g. 2 ry 80-9 | 79°79 46 4 1 | July to August, 192/ 
132 d.p. 45 5 75°5 80-0 43 25 4 July to August, 1926 
138 7 12 80°7 gt6 46 16 | | July, Aug., Sept., 1926 
141* g. 49 5 57°71 | 49 23 | July, Aug., Sept., 1926 
142 g. 61 5 4Q'1 | Soo 48 16 4 | July, Aug., Sept., 1926 
143 48 6 43°7 47 12 | | July, Aug., Sept., 
148 41 6 70°7 66°6 39 13 | Aug. to Sept., 
149 d.p. 48 8 64°5 | 87°5 47 23 4 | Aug. to Sept., 1926 
152 d.p. 49 9 5771 | 8858 44 18 8 Aug. to Sept., 192 
154 d.p. 55 5 65*4 | 800 | 43 25 4 Aug. to Sept., 1926 
156 d.p. 48 11 66-6 81-8 47 17 3 | Aug. to Sept., 1926 
166* g. 58 67-2 | 100%0 2 13 | Aug. to Sept., 1926 
174 47 | 6 70°2 $3°3 36 29 | Aug. to Sept., 1926 
175 39 | 6 68-9 35 22 4 Aug. to Sept., 1926 
178 d.p. 45 7 42°1 71°4 39 16 3. | Aug. to Sept., 1924 
180 g. 57 6 54°3 33°3 35 28 2 | Aug. to Sept., 1926 
181 d.p. 55 54°5 2 30 4 | Aug. to Sept., 192/ 
182 d.p. 50 | 37 17 5 | Aug. to Sept., 
183 d.p. 49 11 61-2 818 35 21 7 | Aug. to Sept., 142" 
220 2. 57 I4 B15 50°0 39 9 3 | Sept., Oct., Nov., 142 
22 g- 57 5 50°8 40°0 4 10 2 | Oct. to Nov., 1926 
230 d.p. 56 13 33°9 61°5 36 18 6 | Oct. to Nov., 1926 
231 d.p. 64 14 46°8 2°8 37 25 5 | Oct. to Nov., 1926 
237 d.p. 35 8 314 50°0 39 10 2 | Oct. to Nov., 1926 
238 g. 39 7 48-7 | 571 36 18 2 | Oct. to Nov., 1926 
241° 2. 37 6 45°9 | 1O00*0 37 8 4 Oct. to Nov., 192! 
242 d.p. 2 14 Ps 36 2 2 | Oct. to Nov., 1926 
244 g. 43 5 Sli 800 | 4o 17 2 | Oct. to Nov.. 1926 
248 g. 50 6 52°0 50°0 | 39 8 1 | Oct. to Nov., 1926 
249 g. 55 7 40°0 2°38 | 40 18 3 | Oct. to Nov., 1926 
254 r. 40 6 50°0 | 50 2 | Oct. to Nov., 192) 
200 40 7 52°5 | 41 y 2 | Oct. to Nov., 192" 
263 g. 45 5 44°4 20°0 44 13 o | Oct. to Nov., 1926 
267 g. 44 10 47°7 | 40°0 | 2 16 4 | Oct. to Nov., 192! 
276 g. 41 6 borg 6656 | 41 17 1 | Oct. to Nov., 192 
398 39 6 35°83 66-6 | 37 5 4 Feb. to Mar., 192 
399 r. 32 6 40°6 | o"o 37 8 o | Feb. to Mar., 1927 
48 5 60-4 600 36 2 3. June to July, 1927 
554 2 5 |  20°0 34 2 1 | July to Aug., 1927 
723 g 3 5 45°99 | 40°0 31 16 2 | Oct. to Nov., 1927 
740 r. 39 7 43°5 | 28°5 2 16 2 Nov. to Dec., 1927 
| 
In the above Table, d. a = direct passage strain of the Daruk trypanosome, a T. brucei-like organism ; g. = T. gambtense : 


r. = T. rbodesiense. 
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Table No. I shows the essential data supplied by these experi- 
ments. It must not be inferred from this Table that certain periods 
of the year are particularly favourable to the development of 
trypanosomes in Glossinae palpalis. The fact that the majority 
of the experiments cited in Table No. I fall into three groups, 
according to the months in which they were performed, depends 
on the relatively high degree of transmissibility possessed by the 
particular strains of trypanosomes under investigation at those 
times. As far as I know, the transmissibility of a strain of trypano- 
some by G. palpalis is not influenced by the slight variations in 
climate that operate at Entebbe. Details of the rainfall and 
relative humidity for the period covered by these experiments 
have been kindly supplhed by Mr. Ruck, Plantation Manager, 
Entebbe. These figures, though recorded in Entebbe Township 
some three miles distant from the laboratory, give a fairly accurate 
idea of the seasonal variations at Entebbe Laboratory during 
1926 and 1927. 

The main feature of interest in Table No. I is afforded by those 
experiments marked *, in which every infected fly lived thirty days 
or longer. It was these and other closely similar experiments 
that gave rise to the impression that the flagellates might be actually 
beneficial to the fly—an impression contradicted, as we shall see 
later on, by the results of a more comprehensive examination of the 
available data. Of less value, owing to the small numbers of 
infected flies involved, is the other indication afforded by this 
Table, namely, that in 73-2 per cent. of all transmission experiments 
containing five or more infected flies a greater percentage of infected 
than non-infected flies lived as long as or longer than thirty days. 

Table No. I indicates unmistakably that the flagellates are not 
acutely pathogenic to the fly, and that, at all events during the 
first thirty to forty days of the insect’s life in captivity, little or 
no disturbance is caused by their presence. Indeed, the information 
recorded in this Table suggests that the parasites exert a favourable 
influence rather than otherwise. 
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Data FRoM Mereororocicat SraTion or ENTEBBE, UGANDA 


| Vapour PRESSURE | Revative Humipiry RAINFALL 

7 a.m. 2 p.m. g p.m. Mean | 7 a.m. 2 p.m. g p.m. Mean} Ins. | No. of 

| | | Days 
Mb. | Mb. | Mb. | | 
January 209 | 2085 | | 85 63 95 81 5°29] 13 
PEBRUARY 20°F | 87 | 66 87 | 80 | 6-65) 12 
Marcu | 20-7 | 21°5 | 21g | 214 | 82 68 77 76 | 689} 23 
APRIL . 21-6 | 22°6 | 21-4 | 21-9 | 88 73 go 84 | 17°54| 25 
May... | | 21-0 | 21°6 | 86 71 88 | 82 | 6-62) 19 
June... 212) 216 | | 88 | 69 89 | 82 | 4°46| 18 
Jury 210 | 221 232 | | 10 
AuGusT | 22°99 | 19°5 | 20°8 83 | 78 81 81 | 3°36] 9g 
SEPTEMBER ... | | 196 | 17°7 | 8g | 49 3°80| 12 
OcTOBER 19°77 20°5 | 21-7 206 | go 68 96 85 7°25) 15 
NOVEMBER ... : 19°7 | 23°3 | 19°7 | 20°9 | 88 | 72 87 82 | 4°64| 14 
DECEMBER ... 20° | 22°99 | Ig°5 | 20:9 | 8g 72 86 82 | 1-62 6 

| | Totials 
Mean for the Year 20°0 | | | | 87 74 87 83 | 75°28) 176 

| 
1927 | 

JANUARY | 2011 89 74 79 81 1°45 5 
FEBRUARY ... 17°5 | 23° | 20°5 | 204 85 74 80 80 7 
Marcu 18-9 | 20-4 | 21-4 | 20°2 84 | 74 87 82 2°32 6 
APRIL | 22-7 | 218 21°5 | gi 80 | 88 6-64) 13 
May... | 20°8 | 23:2 | 213218 | go | 78 | 86 | 8 5°21) 13 
June... 19°75 Ig8 196 | 84 | 67 | 82 | 78 | 7-90] 14 
Jury... 18-4 18-6 | 18-8 | 84 | 62 82 77 4:02] 9 
AuGust | 18-7 19°8 | 20°0 | 83 65 88 7 2°43 9 
SEPTEMBER ... .| Igo | 20°0 | 203 198 | 83 66 89 79 
OcToBER | | 20-4 | 21-3 | 20°5 | 76 59 83 73. | 206!) 
NOVEMBER ... 20 | .20°9 | 82 62 88 77 6-29! 12 


| 
: | | 
| 
| | | | | 
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We will now turn to Tables Nos. II and III, where greater 
numbers of flies are considered. 

Table No. II represents the summarised information afforded 
by all experiments in which three or more infected flies were found, 
and thus includes all the experiments already dealt with in 
Table No. I. 

Table No. III is a comprehensive presentation of all the experi- 
ments performed during the period under review, positive and 
negative. The non-infected flies of Table No. III are flies from 
experiments in which no positive flies were found, although these 
boxes had all been fed originally on infected animals. The non- 
infected flies in experiments that contain infected individuals 
are not included in this category. The death-rate among these 
uninfected flies may be taken as the normal death-rate of G. palpalis 
under the conditions of experiment that prevail at the laboratory. 


Taste No. IIL 


Boxes containing three or more infected flies 


| Days 
Total | 
| Io—Ig | 20—29 | 30 and over 
| | 
Uninfected flies... 6,653 13°5% | 154% | 65-6, 
| 
| 
Infected flies 759 15°4% | 43% 59°4% 
| 
Taste No. III 
Total | Days 
number | 
of flies | 10—19 20—29 30 and over 
Uninfected flies : 
T. gambiense ... 6,866 | 10 9% 17°0% 66°5% 
ComBINED ‘Torats | 11-24% 67°5% 
Infected flies : 
T. rbodesiense... owe 471 15°0% | 18-49% 63:7% 
T. gambiense ... 595 17°4% 19°3% 
ComBinep Torats wee} «1,066 16°4% 18-9% 59°9°9 
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In these two Tables a comparison can be made between the 
death-rate of the uninfected and that of the infected flies. As 
thirty days is the minimal duration of an experiment, this period 
is divided into three decades of ten days each, the fourth decade 
including any date after the thirtieth day: as already stated, 
the first decade has been neglected. In arriving at the figures in 
Tables Nos. II and III the number of flies dying in each decade 
in each experiment was noted, added together for each decade, 
and the percentages of flies dying in each decade calculated. In 
Table No. III the figures of 7. gambiense strains are given separately 
from those obtained with 7. rhodesiense or brucei strains, although 
it is very unlikely that any real difference exists between these 
two trypanosomes in their effect on the fly. 

From these two Tables nothing very definite can be concluded 
save that the presence in its intestine of developing forms of the 
polymorphic trypanosome is not to any noticeable extent injurious 
to the fly, at all events during the first month of its existence under 
laboratory conditions. The average life of a wild fly in nature is 
difficult to estimate. The longest period for which G. palpalis 
has been kept alive at the laboratory is about six months, but 
this is an instance of phenomenal longevity. I believe Mr. Fiske 
held the opinion that the probable average duration of G. palpalis in 
Uganda was about two to three months. It is impossible from the 
data available here to determine whether the effect of the flagellates 
is more pronounced later on in the life of the insect, but Table No. I 
shows that infected flies can and often do survive till the fortieth 
and fiftieth day of an experiment. On the other hand, the evidence 
of Tables Nos. II and III lends no direct support to my original 
impression that the presence of a flagellate infection in its intestine 
was beneficial to the fly. 
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A NEW NEMATODE FROM A BRAZILIAN 
SLOTH 


BY 


J. WILLIS THWAITE 


(From the Department of Parasitology of the Liverpool School of 
Tropical Medicine) 


(Received for publication 15 February, 1928) 
SPIROCERCELLA BRAZILIENSIS n.gen., n.sp. 


Several specimens of this peculiar nematode collected at Mandos, 
Brazil, from a_ sloth, were available for examination. It is 
unfortunate that particulars relating to the species of host out of 
which this worm was taken were not made at the time of collection. 
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Fic. 1. Sptrocercella braziliensis, n.gen., n.sp. A.—Anterior end, ventral view. X 350. 
B.—Anterior end, lateral view. X 350. 

The length of the worm varies between 14-6 mm. and 30-4 mm., 
and the maximum width between 0-34 mm. and 0-47 mm. The 
body, which is light brown in colour, tapers towards both extremities. 
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The tail of the female is straight, whereas the posterior end of the . 
male is coiled about one and a half times. No transverse striations 
can be made out on the cuticle. Two comparatively large and 
bluntly-pointed cervical papillae are situated about half-way between 
the anterior extremity of the worm, and the nerve ring; the latter 
encircles the muscular oesophagus at a point between 515 and 672 4 
from the head end. 

The head, which is more or less circular in section, measures 
between 180% and 237 in diameter, and is separated from the 
rest of the body by a well-marked neck. Three comparatively large 
papillae are found on each side of the head, the centre one being 
the largest. In addition to these lateral papillae, four others lie 
submedianly. In point of size these are approximately equal to 
the largest lateral papillae. The head is provided with a well- 
developed chitinous buccal capsule, which has a length of between 
112 and 140". Guarding the oral margin of the capsule is a 
complete circle of small teeth projecting inwards and forwards. 
These are arranged in eight groups, four submedian, two lateral, a 
dorsal and a ventral. The number of teeth and their formation is, 
in each group, liable to slight variations. Generally the dorsal 
and ventral groups are each composed of two trident-like teeth. 
A general idea of the arrangement of the teeth in the various groups 
can best be obtained from an examination of fig. 2. 

Arising from near the base of the buccal capsule four chitinous 
plates, two lateral and a dorsal and ventral, project inwards and 
forwards towards the mouth opening. The lateral plates, which 
are roughly triangular in outline and which are notched at their 
apex, take origin at a slightly lower level in the capsule than do the 
dorsal and ventral plates, and do not protrude as far anteriorly as do 
the latter. The anterior free border of the dorsal and ventral 
plates is concave, the depth of the concavity varying considerably 
in individual specimens. 

A thick-walled chitinous vestibule is continuous posteriorly with 
the buccal cavity: it has a length of between 250 and 340. Its 
walls, especially in the posterior half, show well-marked ring-like 
thickenings. 

The oesophagus is composed of two portions. The anterior part 
is short and measures from 375 to 616 in length; it precedes a 
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longer posterior glandular portion which has a length of between 
I-g mm. and 2:9 mm. 

The males measure from 14:6 mm. to 18-3 mm. in length, by 
370" to 450” in maximum width. The anus lies between 310” and 
370 from the tip of the tail and the body at the anus has a width of 
about 1604, Broad caudal alae, supported by four pairs of preanal, 


Fic. 2. Spirocercella braziliensis, n.gen., n.sp., illustrating the arrangement of teeth in the 
various groups of the dentigenous circle. @ and b.—lateral groups; c, d, e, and f.—submedian 
groups; g and 4.—dorsal and ventral groups. 


and two pairs of postanal, costiform papillae, are present. A group 
of four pairs of small papillae lies near the end of the tail. The 
spicules are unequal, dissimilar and winged. The left is long and 
filiform and measures between 3:45 mm. and 4:3 mm. in length ; it 
ends in a sharp point. The right is shorter and thicker, measuring 
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between 410 and 500. in length, and is bluntly-pointed. A small 
gubernaculum is present, measuring between 37 and 50n. 

The females measure from 19 mm. to 30-4 mm. in length, by 
3364 to 470” in maximum width. The tail is short and conical, 
measuring between 250 and 290”. At the anus the body has a width 
of about 150”. The vulva is situated about the centre of the body, 
generally a little anterior, and is without lips or other conspicuous 
features. Irom the vulva the vagina runs backwards for a distance 


Fic. 3. Sptrocercella braziliensis, n.gen., n.sp. Posterior end of male, lateral view. X 120. 
? 


of about 1-5 mm. before dividing into the uteri. Eggs, which in the 
uterus contain a vermicule, measure about 50 by 20m, and possess a 
comparatively thick shell. They are elongated in shape with parallel 
sides and rounded extremities. 

This worm possesses many features characteristic of the family 
Spiruridae Oerley, 1885, as at present defined. By reason of the 
ring-like thickenings on its vestibule, it bears some resemblance to the 
Arduenninae Railliet and Henry, 1911. It would, however, appear 
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to bear a much closer relationship to members of the genus 
Cylicospirura Vevers, 1922, and Spirocerca Railliet and Henry, 1911, 
in that it incorporates as features of the head both the chitinous 
plates of the former and the large head papillae of the latter. 
The peculiar morphological structure of the anterior end of this 
parasite renders it distinct from any nematode that has hitherto 
been described and for this reason the new generic name Sfirocercella 
is suggested with S. braziliensis as the type. 
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A NEW VARIETY OF ARMIGERES FROM 
LAGOS, WITH DESCRIPTIONS OF THE 
LARVAL AND PUPAL STAGES 


BY 
A. M. EVANS 


(Received for publication 16 February, 1928) 


During 1926-27 Mr. L. H. Dunn bred out several Avrmigeres 
from larvae collected chiefly from bamboos in Lagos. I have been 
very kindly allowed to examine the material, which includes well- 
preserved larval and pupal pelts, and a good series of males and 
females, and find that it adds considerably to our knowledge of the 
generic status of Avmigeres and throws some light on the value of 
the specific characters used to separate A. argenteoventralis Theo. 
from A. albomarginata Newst. 

The specimens show differences from both these forms and they 
are described below as a variety of A. albomarginata Newst., named 
in honour of its discoverer. The characters of this variety strongly 
suggest that A. argenteoventralis should be considered as a variety 
of A. albomarginata, but it may be better to await the discovery of 
the larvae of the older forms before making any change in the 
synonomy. 

I have recently seen two females of A. argenteoventralis, bred 
from larvae taken by Dr. R. M. Gordon, in tree rot-holes near Mabang, 
Sierra Leone. In these specimens the deep border of dense white 
scales at the front of the mesonotum is a striking character. 


AEDES (ARMIGERES) ALBOMARGINATA, var. DUNNI n. var. 


FEMALE. Differs from A. albomarginata Newst. as follows :— 
head without a posterior patch of pale scales, and with the white 
border to the eyes greatly reduced; mesonotum with the pale 
scales bordering the anterior margin absent or reduced to about 
three scales or less. 

Head with very distinct small, anterior, white patch in the middle. 
Mesonotum clothed with blackish-brown scaies 
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MALE. External characters as in female. 

Hypopygium—Clasper, as shown in the illustration (fig. 2, C). 

Larva. The larva differs from that of A. obturbans chiefly in 
having a pecten and a bristle on the siphon tube. 

The head, as seen in the pelts, is roughly quadrangular in outline. 
The antennae are small and have a fine double bristle on the outer 
third. The arrangement of the hairs of the head (fig. 1, D), differs 


0-5 millimeter 


Fic. 1. Medes (Armigeres) albomarginata, var. dunnt, n.var. Larva. A.—Siphon tube and tenth 
segment, lateral view; B.—Spines of lateral comb; C.—Spine of pecten; D.—Ilead, dorsal view. 


from that of A obturbans and A. debenstt. The clypeal hairs are 
situated much further from the anterior margin of the head than 
in those species, and inner clypeal hairs are not represented in this 
African form. The posterior clypeal hairs (f.e.) are multiple with 
from fourteen to seventeen branches. Mid frontal hairs (m.f.) are 
well developed and simple, and the outer frontal hairs (0.f.) have 
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about eight branches. The thoracic chaetotaxy differs from that of 
A. obturbans chiefly in having the lateral multiple hairs of the meso- 
and meta-thorax composed of a much smaller number of branches. 
The numbers for the meso-thorax, from above downwards, are one, 
five, five, six ; the meta-thorax has two tufts of six hairs. There isa 
pair of large stellate hairs on the dorsum of the meta-thorax. The 
abdominal chaetotaxy is much more developed than that of obturbans. 
The arrangement of the lateral series is as follows :—first segment 
with a multiple (5) and a double hair; second segment with two 
double hairs ; third to sixth segments with very long double hairs ; 
seventh segment with a shorter, but stout, triple hair. Long sub- 
ventral, double hairs are present on segments three to five, and long 
triple, sub-dorsal hairs on segments five and six. In addition there 
are a number of shorter hairs of varying lengths and character. 

The siphon tube is about three times as long as broad, with a 
pecten of about twelve spines which are delicately fringed along the 
ventral border and have two or three longer terminal hairs. A 
single long bristle arises beyond the pecten. The comb consists of 
from eight to twelve teeth arranged in a single, or an irregular, double 
row. The gills are evidently not developed to such enormous 
proportions as those of «1. obturbans. he hairs forming the ventral 
fan are poorly developed. 

Pura. Unlike A. obturbans, the paddles have no fringe, but the 
edges show minute serrations when examined with the one-sixth 
objective. 

The arrangement of the hairs on the dorsal surface of the last six 
abdominal segments is shown in the illustration (fig. 2, 4). The first 
abdominal segment has the usual dendritic hairs and in front of them 
a long and a short hair and also two short hairs anteriorly on the 
lateral margin. The respiratory trumpet (fig. 2, B) is deeply pig- 
mented, rather broad posteriorly, and narrowed slightly beyond the 
middle. 

HABITAT. One larva was collected from a tree-hole, the others 
from bamboos. 

Type 3 and 9, Lagos, 1927, L. H. Dunn. Other specimens 
collected in Lagos by Mr. Dunn: five $3 and four 22, 1927; 
two 33, 1926. Types in the collection of the Liverpool School of 
Tropical Medicine. 


Sa 
7 


42 


0:2 millimeter 


A. 


| millimeter 


Vic. 2. Aedes (Armigceres) albomarginata, var. dunnt, n.var.A.—Part of abdomen of pupa, dorsal 
view; B.—Respiratory trumpet, posterior and lateral view; C.—Clasper of } hypopygium. 

Ikdwards (1925), writing of the genus Avmigeres, states that it is 
so close to Aedes that ‘ they may have to be re-united.’ The absence 
of a pecten in the larva was ‘the main reason for keeping 
Avmigeres distinct from Aedes’ (Ikdwards, Ig2t). The presence 
of these spines in a reduced condition on the siphon tube in this 
African form is, therefore, of considerable importance from the 
point of view of the generic status of Avmuigeres, and clearly confirms 
Edwards’ suggestion that this should again rank as a sub-genus of 
Aedes. 

In a later paper I hope to describe two other interesting larvae 
collected by Mr. Dunn, in Lagos. 
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A CASE OF ORIENTAL SORE OF 
SEVENTEEN YEARS’ DURATION 


BY 


D. UVEDALE OWEN 
(Received for publication 1 February, 1928) 


PLATE I 


The average duration of Oriental Sore is from two to eighteen 
months. Thus, Castellani and Chalmers (1919) state: ‘ Healing 
generally sets in after six to twelve months by granulation. 
‘The duration of the eruption varies from four or five months to 
twelve months and more. Relapses may occur, but true reinfections 
are rare.” Byam and Archibald (1923) state: ‘ The whole course of 
the eruption, from the formation of the papule to that of the cicatrix, 
varies from four to twelve months or more.’ McCrae (1925) states : 
‘The duration of the lesion is from several months to a year and a 
half.’ Manson-Bahr (1925) states: ‘After a variable period, 
ranging from two or three to twelve or even more months, healing 
sets in. Granulation is slow and frequently interrupted.’ 

The following authorities quoted by Laveran (1917) give the 
duration as follows :—Masnou, six to ten months; Castaing, three 
to eighteen months ; Marzinowsky, one to two years ; Yakimoff and 
Schokhor, two months to two and a half years. 

Thomson and Balfour (1g09) report a case of non-ulcerating 
Oriental Sore of two years’ duration, in an Egyptian soldier whose 
father and sister had had, up to the time of the son’s examination 
by these authors, similar nodules for six and four and one half years, 
respectively. 

Vignat (1914) cured a case of Oriental Sore of Biskra, of six 
years’ standing, by a single exposure to hot air (750° C.) applied 
after local anaesthesia had been produced by Stovaine. 

The history of the present case is as follows :—The patient, an 
Englishman and sergeant in the army, went to Lahore in 1go9. 
In March, 1910, two small nodules appeared on the dorsal surface 
of his left hand, and one on his right lower arm. Each of these 
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nodules grew to the size of a half-penny piece by 1912, and then 
the one on the right arm healed completely, having been treated 
with tincture of iodine only. The two nodules on the left hand 
were now scraped, iodine applied, and crusts formed on the surfaces, 
remaining 7” statu quo until 1925. In this year the patient returned 
to Ikngland and has not been out of the country since. The two 
sores now became active, extended in size, and coalesced. 

In May, 1926, his medical man found Leishmania tropica present, 
and gave him ten intravenous injections of tartar emetic and, in 
addition, 5 per cent. tartar emetic ointment locally. The treatment 
lasted two months, and according to the patient the condition 
remained unaltered. He came to the Liverpool School of Tropical 
Medicine in May, 1927, when the condition was as follows :—On 
the dorsal surface of the left hand there was a sore, one and a half 
inches by three-quarters of an inch, separated from a second sore, 
half-inch by one inch, by a thin strip of skin. In smears from both 
sores Leishmania tropica were found. Treatment with intravenous 
injections of ‘Von Heyden 471’ (Stibosan) was commenced on 
1.6.27, and twenty-six such injections, each of 0-3 gms., were given, 
ending 22.8.27. The first photograph was taken 6.7.27, that is, 
five weeks after treatment had commenced. At the end of this course 
of treatment Leishmania tropica were still present, and the condition 
showed no improvement. Exposure to a full pastille dose of X-rays, 
unfiltered, did not improve the condition, and tartar emetic ointment 
locally was tried for about three weeks. 

On 5.9.27 injections of Stibamine Glucoside (Neostam) were 
commenced. Fourteen injections, each of 0-2 gms., were given. 
Early in November healing had commenced, and the sores were 
negative for Leishmania tropica, and by the middle of December 
healing was complete. 

The second photograph was taken on 17.1.28; it shows a large 
depressed scar. 


SUMMARY 


A case of Oriental Sore of seventeen years’ duration is described. 
Tartar emetic, injections and ointment, Stibosan, 7-8 gms., X-rays, 
and Neostam, 2:8 gms., were all resorted to before a cure was obtained. 
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EXPLANATION OF PLATE I 


Fig. 1. Photograph of left hand, 6.7.27, five weeks after treatment 
had begun. | 


Fig. 2. Photograph of left hand, 17.1.28, after completion of 
treatment, showing large depressed scar. 
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CLINICAL NOTES 


BY 


D. UVEDALE OWEN 
(Received for publication 11 April, 1928) 
PriaTes I], 
I. TRYPANOSOMIASIS 


Plate IT illustrates the rash ina case of Tvypanosoma gambiense 
infection. The rash was erythematous and occurred as complete 
and incomplete rings, and infiltrated patches of varying size. The 
photograph was taken on 11th March, 1925, four months after its 
first appearance, and during this period it had disappeared and 
reappeared several times. Two intravenous injections of ‘ Bayer 205 ’ 
of 0-5 grms. and 1-0 grms., respectively, were given on March 11th 
and 14th. The rash had completely disappeared by the 16th, that is, 
six days after the first injection, and did not reappear. 


II. MIXED LEPROSY 


Figs. 1 and 2 (Plate III) are photographs of a lascar seaman who 
reported that he had first noticed the skin condition one month 
previously. The ringed form of eruption (fig. 1), with a red border 
enclosing a pale anaesthetic area, is a well-recognised feature of 
maculo-anaesthetic Leprosy. In this, as in two other cases of maculo- 
anaesthetic Leprosy examined recently at the Liverpool School of 
Tropical Medicine, leprosy bacilli were readily found by scarefying an 
erythematous patch with a needle and making a smear of the material 
so obtained. The bacilli were chiefly extra-cellular. 

The case is recorded in order to illustrate the character of the 
rash, as good photographs of the condition appear to be lacking in 
the published descriptions of Leprosy. 


III. EMETINE PERIODIDE IN SCHISTOSOMIASIS 


Gordon (1926) concludes that ‘ The oral administration of emetine 
periodide clears up the urine of children, intensely infected with 
Schistosoma haematobium, just as quickly, and almost with as great 
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certainty, as subcutaneous injections of emetine hydrochloride.’ 
He prescribes emetine periodide ‘ slipules ’ (Martindale), gr. 1, three 
times daily for fifteen days, the periodide being first removed from 
the gelatine ‘slipule’ and added to milk. Out of fourteen cases 
thus treated, twelve became negative within an observation period 
of eight days after completion of treatment, and he concluded that 
the remaining two cases, who were passing live and dead eggs at the 
end of this period, might also have become negative if the observation 
period had been longer. Willmore (1923) points out that go grains of 
emetine periodide may be given in a period of fifteen days without 
any untoward effects, and this may be repeated after about ten days’ 
interval. 

I have only had the opportunity of trying the above treatment 
in one case. The patient, a native of Dongola (Sudan), age 21 years, 
was severely infected with Schistosoma haematobium. Imetine 
periodide, gr. 2, thrice daily was given for fifteen days, and during 
this time, and for an observation period of one month afterwards, 
live eggs were passed, no dead eggs being found, and the condition was 
apparently unaltered. 

The ages of Gordon’s fourteen cases treated with this drug varied 
from six to thirteen years. 


IV. FASCIOLA HEPATICA IN MAN 


The patient, resident in North Wales, sought medical advice on 
account of lassitude, loss of appetite, shortness of breath, and pain 
over the liver area. His liver was enlarged and tender, and he 
had a mild irregular pyrexia never exceeding 101° F. In the course 
of routine examination, an Eosinophilia of 68 per cent. was discovered, 
and later, ova of Fasciola hepatica were found in his faeces. 


V. SPRUE IN WEST AFRICA 


Holst (1927), reviewing the literature of the geographical distribu- 
tion of sprue, mentions that the only cases reported from Africa are 
by Begg (1912). Begg reports one case from South Africa, one from 
Morocco, and the third was a patient who had been to Egypt and 


Madeira. 
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The history of the present case is as follows :— 

J.T., age 38, Civil Servant, resided in Nigeria from March to 
October, 1927. He served in France during the War from 1915 
to 1919, but otherwise had not been out of England. He returned 
to this country from Nigeria on November 4th, 1927, and was in good 
health up to December r1gth, 1927, when diarrhoea commenced. 
He was examined at the Liverpool School of Tropical Medicine on 
February 20th, 1928 (weight, 8 st. 4 lb.) and, clinically, was a case 
of sprue without mouth symptoms. He passed typical sprue stools 
which, on analysis, gave the following results :-—- 


Total fat Bas ee ... 43°2 gms. per cent. dry weight. 
fatty acids as stearic acid... 14:7. ,, 


The proportion of split to neutral fat is, therefore, 3-85: I. 


He responded well to dietetic treatment and his weight, on 
April roth, 1928, was I1 st. 6 lb., an increase of 3 st. 2 lb. in seven 
weeks. 
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EXPLANATION OF PLATE II 


The rash in a case of Trypanosoma gambiense infection. 
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EXPLANATION OF PLATE III 


Fig. I. 
Fig. 2. 


Case of Mixed Leprosy. 


Ring form of eruption. 


Early nodular form of eruption. 
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PLATE III 
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ADDENDA 


(Vide Stephens, Vol. XXI, No. 4, p. 473, 1927) 
CZECHOSLOVAKIA. 


Locality Cases Authority 
Prague I Langer, I. (1924) 
(GERMANY. 
Locality Cases | Authority 
Berlin I Schilling, V. (1912) 
... *Wahrend der schweren Ziemann, H. (1924) 
M.—-Epidemie in Wilhelms- 
haven, gelegentlich der 
Hafenbauten in den 6oer 
Jahren der vorigen Jahrhun- 
derts, soll es auch dort ganz 
vereinzelt vorgekommen sein.’ 
(SREECE. 
Locality Cases Authority 
Patras 51 (1898-1927) Trabadoros, A. G. (1928 
3.568 malaria cases 
HoLianp. 
Locality Cases Authority 
Holland (General) ... ais I Van Der Horst (1903) 
ITALY. 
Locality Cases Authority 
S. Stino, Veneto... 3 Sepulcri, P. (1927) 


PALESTINE. 


Locality Cases Authority 


| 
fordan Valley ..| The worst region of all is | 
the Jordan Valley near Lake | 
Huleh (Waters of Meron), | 
and south of the Sea of | 


Masterman, E. W. G. (1913) 


Galilee.’ | 
Russia (in Europe). 
| 
Locality Cases | Authority 
Astrachan ... 1 (1925) | Popow, P., and Zeiss, H. (1927), 
Pe 438 
Grozny 6 loc. cit. 
Kasan 1 (1925) cit. 
Moscow is si ~ 5 (1923-24) _ Popow, P., and Zeiss, H. (1925), 
288 
Saratow 1 (1924) Popow, P., and Zeiss, H. (1927) 
St. Petersburg on ie 1 (1879) | loc. cit. 
Suchum 10 (1888) loc. cit. 
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THE DISTRIBUTION OF BLACKWATER 
FEVER IN SOUTH WEST ASIA* 


BY 


J. W. W. STEPHENS 
(Received for publication, 23 March, 1928) 


Two Maps 
AFGHANISTAN. No records, 
ARABIA. 
Locality | Cases Authority 
Matrah. Muscat... .. 25 (1907-1915) Gill, Clifford A. (1916), p. 223. 


‘(The cases) comprise Goanese, 
Indians, and one Persian, 
but no Arabs or Negroes.’ 

‘It is stated locally that the 
disease is strictly confined to 
the towns of Muscat and 
Matrah, and that it is not 
met with in other localities 
on the Arabian Sea littoral 
orin the Persian Gulf. There 
is, however, little informa- 
tion available regarding this 
extensive area and one case 
at least appears to have 
occurred recently at Bunder 
Abbas, on the Persian Coast.’ 


Batucuistan. No records. 


Cyprus. 
Williamson, G. A. (1909) records three cases. 


Irag. No records. (?) 


Locality Cases | Authority 
Palestine (General) ... vss 5 | David (1914). 
Benjamina ... a hed 2 (1923-1925) | Kligler, I. J. (1925). 


Bissau 1 (1912) | David (1914). 


* Vide Stephens, Vol. XXI, No. 4, p. 467 (1927). 
t My thanks are due to the Secretaries of the Permanent Committee on Geographical Names of 


the Royal Geographical Society and of the Zionist Organisation, London, for help in locating places 
in Palestine. 
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PALESTINE—continued. 


: Locality Cases Authority 
Degantia, Fordan... Several Kligler, I. J. (ages). 
Ekron, Fudea — 5 (1921) loc. cit. 
Einbanim (Ein Gannim), 6 (1921) loc. cit. 
Judea 
Gan Shemuel (Gan Shmuel), Cases loc. cit. 
Samaria 
Gedera (Chedera), near sa 1 (1926) Weitzman, ‘I’. (1926). 
Gedera (Khudetrab) ...| ©The colony is half-deserted, | Cropper (1902). 


malaria is rife and_black- 
water fever occurs. here 
yearly and is said to have 
: caused the death of 150 
Jews in the last 20 years.’ 
‘In some years 15 to 20 cases 
have occurred in a very 
limited population, chiefly 
Jews emigrated from 
Europe.’ 
3 (1923-25) Kligler, I. J. (1925). 
‘Yofé had a_ considerable 
number of cases in 
Khudeirah and Zichron 
before the war.’ 


Isbeid (Issod) on ... 1g cases in 6 weeks; last year | Cropper (1902). 
(1go1) there were only 4 
cases.’ 


‘ Blackwater fever occurring 
commonly in some seasons.’ 


Faffa I (1914) David (1914). 
I (1922) ‘Government of Palestine Ann. 
Rept. Dept. Health for 1922,’ 
p- Il. 


Jaffa and District ... _..., 1893: ‘Regular epidemic of | Masterman, E. W. G. (1896). 
malaria and among the fatal 
cases a great many presented 
symptoms we now recognise 
as being those of Blackwater 
Fever.’ 

At the time it was called 
Yellow Fever.’ 


Ferusalem ... 3 Dr. Einsler, quoted by Masterman, 
E. W. G. (1896). 
I (1903) loc. cit. 
Cases loc. cit. 
Fordan Settlements ... | 2 (1923-25) Kligler, I. J. (1925). 
Mishmar, Galilee... ame Cases (1920-21) Kligler, I. J. (1925). 
Mulebbas, Fewt1sh colony me Cases Masterman, E. W. G. (1896). 
- Northern Districts ... + g (1922) ‘Government of Palestine Ann. 


Rep. Dept. Health (1923),’ p. 11. 
loc. ctt., p. 11. 


To (1923) 
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PALESTINE—continued. 


Locality Cases Authority 
Rishon le Zivon _.... sit A few cases Masterman, E. W. G. (1906) 
Samaria... nis at 1 (1922) ‘Government of Palestine Ann. 
Rep. Dept. Health (1922),’ p. 11. 
Sharona, German colony... 5 (1gor) Masterman, E. W. G. (1906). 
Tantura 3 (1902) loc. cit. 
Upper Galilee es _ 2 (1923-25) Kligler, I. J. (1925). 
Yavneel (Yavniel), Lower Several cases (1920-21) | loc. cit. 
Galilee 
Yesud (Yessod), Upper Galilee Cases (1920-21) | doc. cit. 
Zikbron (Zicron) ... - 10 (1922) | loc. cit. 
12 (1907) | 
8 (1908) | 
9 (1909) | 
14 (1910) 
2 (1911) 
_1 (1912, to 24 Sept.) | Yofé, H. (1912). 


PERSIA. 


Locality | Cases | Authority 


Bunder Abbas a ... ‘One case at least appears to Gill, Clifford A. (1916), p. 223. 
have occurred recently at 


Russta— I RANS-CAUCASIA. 


Locality Cases Authority 
Trans-Caucasia ... 32 (1914-17)  Popow, P., and Zeiss, H. (1927), 
| 440. 
Armenia— | 
Armenia (General) is 2 (1923) | loc. cit., p. 442. 
Eriwan... 1 (9123) loc, ctt. 
Azerbaijan— 
Baku 2 (1901-02) Popow, P., and Zeiss, H. (1925), 
p. 288. 
3 (1923) _Popow, P., and Zeiss, H. (1927), 
P- 440. 
Georgia— 
Araxtal ... 12 (1903-04) loc. cit., p. 442. 
Batum ... 1 (1896) | loc. cite, p. 440. 
Nowo-Rossisk (Araxtal) ... I (1914-15) | loc. cit., p. 442. 
Sanaim ... (1923) loc. cit. 


| 
| 
| 


Locality Cases Authority 
Turkestan— | 
Aschabad ... sin vibe 4 (1889) Popow, P., and Zeiss, H. (1927), 
| 440. 
Merw and District 114 (1899-1900) loc. cit. 
98 (1900) loc. cit. 
= | 40 (1896-98) loc. cit. 
Syria. No records, 
Trans-JorpAN. No records. 
‘TURKEY. 
Cases Authority 


Locality 


Makri (Town and Gulf) Cardamatis, J, P. (1g02a), p. 49. 


Samsun (Black Sea) ... loc. cit., p. 27. 


Smyrna 2 Tsakyroglous (1897). 


Tsar-chamba(Fantk District, Rare Cardamatis, J. P., (19024), p. 7. 
Black Sea) ‘Itonly occursin sporadicform.’ Cardamatis, P. (1902b), 
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NOTE ON A FILARIAL EMBRYO IN 
THE BLOOD OF A SUDANESE OX 


BY 


L. J. DAVIS, M.B., Ch.B., 


ASSISTANT GOVERNMENT BACTERIOLOGIST, 
WELLCOME TROPICAL RESEARCH LABORATORIES, KHARTOUM 


(Received for publication, April 4, 1928) 


In the course of examination of a bull suspected of trypanoso- 
miasis from the Nuba Mountains Province, microfilariae were 
found in the blood. It is believed that microfilariasis in cattle 
has not previously been observed in the Sudan. In the literature 
available the only reference to the condition occurring in cattle is 
that of Velu and Barotte (1924) who refer to the observations of 
Place and of Yakimoff in Asia, and of Cazalboa in French West 
Africa. 

The parasite resembles Microfilaria bancrofti. Examined in a wet 
film preparation with a 2/3 inch objective, it is seen to exert vigorous 
worm-like movements which do not result, however, in its effective 
progression across the field. !n shape, it is a long cylindrical 
organism of uniform girth, tapering posteriorly to a fine point. 
The only evidence of a sheath visible in the living organism is 
a whip-like appendage occasionally seen at the anterior end. 

The average dimensions are 300” by 7:54 in the living vital- 
stained embryos, and 240” by 4:5 in fixed stained preparations. 
Little individual variation was observed. 

Fixation was effected either by immersing thin wet films in hot 
alcohol or by fixing and dehaemoglobinizing dried films in Carnoy’s 
fluid (acetic-alcchol). Films were stained with Giemsa, Leishman, 
and Haematoxylin. The method of prolonged staining with dilute 
Giemsa describ. 1 by N. A. Dyce Sharp (1923) was found to be 
very satisfactory. 

In such fixed stained preparations the organisms are disposed in 
graceful curves. Each appears as a delicate, eosinophilic tube 
occupied for the greater part of its length by a column of basophilic 
oval nuclei packed just too closely to permit of their being counted. 
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The nuclear column commences 8-4 from the cephalic end of 
the embryo. The clear anterior area is slightly tapering; the 
only visible structures in it are two fine parallel lines running to 
its tip. The continuity of the column is broken in several places. 
The first pink staining gap occurs regularly at 20 per cent. of the 
creature’s length counting from the anterior end ; it is well-defined 
and extends completely across the nuclear column ; it is similar to 
the nerve ring in Microfilaria bancrofti. The second gap, not quite 
so distinct and not extending completely across, corresponds to 
the ‘ V’ spot of Manson or excretory pore ; it occurs at 2y per cent. 
of the worm’s length. At 50 per cent. of the total length begins 
a clear area which extends posteriorly to 65 per cent. of the total 
length ; in its anterior portion the area is quite clear but posteriorly 
are a few discrete nuclei situated peripherally ; the interior of this 
portion is occupied by a pink-staining mass. This is no doubt 
the internal viscus or Innenkorper of Fiilleborn. Posteriorly the 
nuclear column resumes its dense formation until it eventually 
tapers off to a chain of single nuclei which terminates a short distance 
from the tip of the tail. A small clear area corresponding to the 
anal pore occurs in one side of the nuclear column at 81 per cent. of 
the total length. 

Many of the specimens had a large, loose, pink-staining sheath 
on which very delicate transverse striations were visible. The 
average dimensions were 350 by 8-5y. 

Observations were also made by means of vital-staining, a drop 
of blood being mixed with a drop of I in 1,000 methylene blue and 
the cover-slip applied and ringed around with vaseline. After 
an hour the only effect of such treatment is slight staining at the 
excretory pore and anal pore. After six hours the column of nuclei 
begins to take up the stain yielding a fine granular appearance. 
The cephalic end appears clear with two fine lines and four small 
spots in connection with the mouth parts. The nerve-ring is 
visible as an indistinct gap. Posterior to the excretory pore is 
a small dark staining area, probably the excretory cell. The central 
viscus stains very lightly. The anal pore appears as a clear area 
and slightly anterior to it is seen a deeply stained cell, possibly 
a genital cell. The stain is lethal to the organism only after six to 
eight hours. 
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The microfilariae exhibit a distinct nocturnal periodicity. The 
concentration in the peripheral blood rising from approximately 
1,500 in I c.c. at noon to 18,000 at midnight. 

The host, a small native bull, was somewhat emaciated, with 
a staring coat, but there were no other clinical signs. The tem- 
perature was not raised. 

The blood picture showed a lymphocytosis, the differential 
count being :— 


Polymorphonuclears . 166%, 

Lymphocytes. 
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TREMATODE PARASITES AMONG FISHER- 
MEN AND THE POISONING OF PHYSOPSIS 


BY 


F. G. CAWSTON, M.D. (Cantab.) 
(Received for publication 16 April, 1928) 


Most of the Indians who were imported into Natal to work on 
the sugar estates came from the Madras presidency. It is improbable 
that Bilharzia disease has ever occurred in a Madras Indian who 
has not previously resided in a country, such as Natal, where Bilharzia 
disease is rife. The absence of such diseases from India has rendered 
fishing a favourite pastime amongst Indians, and it would be 
unlikely that they should discontinue this custom when taking up 
their residence in a new country. So great is their liking for fishing 
that Indian children are to be found standing in the shallow water 
of small stagnant pools throughout the sugar estates, fishing in places 
where only mud fish are to be caught. In this way Bilharzia disease 
has become more prevalent amongst the Indians of Natal than it is 
amongst either the Europeans or the natives, and any efforts at 
the control of this intractable disease will fail so long as the Indian 
sufferers are allowed to wander and wade about the country 
untreated. Fishing in pools known to be infested with the Bilharzia 
parasite should be prohibited by law. 

The natives of South Africa possess a natural objection to eating 
fish, for they liken them to snakes. Consequently, fishing is un- 
common amongst those tribes which have not come under European 
and Indian influences ; although dried fish becomes part of the daily 
rations of natives who are engaged in work at the harbours along the 
African coast. This revulsion to fish has protected them from those 
parasitic diseases which are common amongst the Egyptians and 
the Indians, who spend a great deal of their time wading in shallow 
water or standing along the banks of water whilst catching fish. 
As they have little or no use for fish, the primitive races have little 
hesitation in poisoning their rivers with the crushed roots of plants 
or the bark of trees. Some of these poisons are even of use in catching 
crocodiles, Pachygone ovata being used for this purpose by the 
Malays. 

Similar plants may sometimes be of use in the catching of 


fish, but the vast majority of plants which are used for poisoning 
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fishing-streams would be likely to render the fish thus caught unfit 
for human consumption. Radlkofer (1886) once listed some 154 
species which have been used for this purpose in various parts of 
the world. Some of these poisons would render the water unfit for 
human use. A. Lange (1912) reports how a friendly cannibal 
warned him not to drink water from a river to which had been 
added the crushed root of Lonchocarpus. The crushed root of this 
small tree, which is found throughout the Amazon valley, is thrown 
into a stream in order to kill all animal life or to drive it away from 
the district. L. H. Pammel (1911) quotes some observations of 
W. M. I. Brost Pauwels, who showed that Lonchocarpus contains a 
powerfully toxic substance, known as Nekoe. ‘He found that Nekoetd 
will poison fish in proportion I-5,000,000, and that a second substance, 
b. Nekoeid, will poison fish in proportion of I-10,000,000. The 
poison will take effect in one hour.’ The water poisoned with the 
substance will cause the fish to make an effort to get away from the 
poison. They come to the surface of the water and try to jump 
out ; finally, breathing becomes increasingly difficult and, at last, 
they turn on their backs and die. Miss Helena M. Forbes, of the 
Natal Herbarium, tells me that the genus Lonchocarpus belongs 
to the order Leguminosae and occurs in Tropical America, Africa and 
Australia. The plants are trees or climbing shrubs, with pinnate 
leaves and showy flowers. The South African species, now known 
as Bolusanthus spectosus, occurs along the Kaap river at Barberton, 
in the Transvaal, and in the district round Delagoa Bay. It attains 
a height of 15 feet or more and has long racemes of large, bright blue 
flowers. 

The high toxicity of the extract suggests that it should prove 
of very great value in the destruction of those intermediate hosts 
of the Bilharzia parasites which infest the rivers and stagnant pools 
of Tropical Africa. In this it would seem to be ten times as effective 
as copper sulphate. The fact that the shrub grows readily both in 
the Transvaal and in Portuguese East Africa is of great practical 
imp»rtance, and it is possible that its use might be applied to the 
catching of crocodiles in the Northern Transvaal, where ten shillings 
is offered for each of these pests captured at the present time. 

I have shown that Tephrosia macropoda is especially toxic to 
examples of Physopsis because these species of fresh-water snail, 
of which Africana is the commonest in South Africa, do not crawl 
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out of the water so frequently as Limnaea tends to do. The plant 
should, therefore, be of almost equal value in the destruction of 
infested examples of Planorbis pfeifferi. Limnaea natalensis is 
so seldom infested with the Bilharzia parasites that its danger as 
a Bilharzia carrier is very small and, although it is a dangerous 
conveyer of the Liver-fluke parasites of sheep and cattle, it is 
valuable in keeping collections of water clean. The commercial 
advantages of the plant are being investigated in South Africa, in 
view of its insecticidal properties. 

It is possible that mimicry is used in the protection of certain 
fresh-water snails against the attacks of their natural enemies such as 
domesticated duck and fish. I have found that immature examples 
of the various intermediate hosts are greedily eaten by gold-fish, 
which have a very limited supply of food, though larger examples 
escape their attacks, provided the fish have a good selection of food 
to choose from. Even the eggs of snails are sometimes scraped 
off the leaves to which they are attached, by the greedy attacks of 
domesticated duck. 

The Ancylidae are so closely adherent to the broad rush of 
South African streams that it is hard to pick them off. This feature 
protects them from the attacks of their natural enemies; but 
examples of Burnupia, amongst which are generally to be found 
numerous Ferrissiae, arrange themselves in groups along a rush, so 
as to suggest a thorn-covered leaf. I do not know of any water 
plant which is provided with thorns like this, but the occurrence 
in water of a thorny leaf or branch, so common on land, would not 
attract fish or birds in the same way that a smooth inhabitant of 
fresh-water, not so camouflaged, would be likely to do, and it is 
possible that there are certain plants of shallow water which are as 
detrimental to the growth of Physopsis as others, such as Cyperus 
immensus C. B. Clarke, the common rush of swampy areas in South 
Africa and Portuguese East Africa, and Nymphaea stellata, the 
smooth-leaved blue lotus plant, are favourable to its growth. 
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THE PARASITIC ACARIANS OF ANIMALS 

AND THE PART THEY PLAY IN THE 

CAUSATION OF THE ERUPTIVE FEVERS 
AND OTHER DISEASES OF MAN 


PRELIMINARY CONSIDERATIONS BASED UPON 
AN ECOLOGICAL STUDY OF TYPHUS FEVER 


BY 


LOUIS W. SAMBON, M.D. 
(Ieecerved for publication 29 February, 1928) 


In 1906, Manson asked me whether I would be willing to 
contribute an article to the ‘ Tropical Diseases ’ volume of Allbutt’s 
System of Medicine. ‘On what?’ I asked. ‘ Well,’ said Manson, 
‘there is only one subject I can offer you and that is Rocky 
Mountain Spotted Fever.’ ‘ Never heard of it,’ said I. ‘Same 
here,’ quoth he, ‘until I read this,’ and he handed me a paper 
by John F. Anderson. ‘ All else has been allocated,’ continued 
Manson, ‘ but no one cared to tackle the new American disease, 
so I suggested you might grapple with it.’ Having accepted, I was 
told that my article should be handed in within a fortnight, because 
the volume was almost ready. 

I read Anderson’s bulletin, on my way home, and came to the 
conclusion that the Spotted Fever of the Rocky Mountains could 
be nothing else than a local form of Typhus. But, while all medical 
authors, including Osler, looked upon typhus as the very type of 
contagious diseases, the Rocky Mountain spotted fever appeared 
to be a sporadic exanthematous fever of spring and early summer, 
transmitted to man by a tick (Dermacentor venustus) of the Ground 
Squirrel (Citellus columbianus) and other rodents; so, at least, averred 
the ranchers of the Bitter Root Valley (Western Montana) where 
the distemper most prevailed. 

Having found only two other papers dealing with the Rocky 
Mountain disease (one by Wilson and Chowning, the other by 
Stiles), I plunged into the literature of typhus. As a result of my 


readings, I wrote in my article what follows :— 


ges 

& 

pe 

ther 


68 


‘ Relation of Typhus Fever and Rocky Mountain Spotted Fever. It is impossible to 
distinguish the spotted fever of the Rocky Mountains from typhus fever, and I am 
inclined to think that they are identical, ‘Those who have had the opportunity of 
studying the disease believe, however, that the spotted fever of the Rocky Mountains 
differs from typhus both clinically and epidemiologically. Clinically, because it has a 
shorter period of incubation, because its rash appears first on the extremities, its 
nervous symptoms are less pronounced, and its termination is by lysis. Epidemio- 
logically, because it is limited to the spring months, and is non-contagious, ‘These 
distinctions are illusory. As to the period of incubation no comparison is possible, 
because it has not been determined definitely in either disease. Several authors 
state that the rash of spotted fever usually appears first about the ankles and wrists, 
others state that it commences on the face or back. In typhus fever the eruption 
frequently begins on the extremities. ‘The nervous symptoms do not differ, but 
their intensity may vary exceedingly in both diseases. As to termination, it is 
incorrect to say that typhus fever always terminates by a sudden crisis; the most 
common form of termination being by lysis. ‘The seasonal differences put forward 
by some authors are no better grounded. ‘Typhus fever is pre-eminently a disease 
of the spring months, although it may also prevail at other seasons under special 
conditions. On the other hand cases of spotted fever in January, February, June, 
July and August have been reported. As to the question of contagion, attention 
may be drawn to published instances of husband and wife or of two children con- 
tracting spotted fever at about the same time. Stiles considers that, despite the 
general experience regarding the non-contagiousness of the disease, such close 
intimacy as sleeping in the same bed may perhaps lead to infection of a healthy 
individual, But are we right in considering typhus fever as contagious ? It is true 
that all our text-books describe it as such, and that Professor Osler says it is “* one of 
the most highly contagious of febrile affections,” but yellow fever, relapsing fever, 
and other diseases, until quite recently generally regarded as contagious, are now 
known to be conveyed by the means of intermediary agents. A careful study of the 
epidemiology of typhus fever leads, I think, inevitably to the conclusion that the 
disease is not immediately contagious. In its endemic centres typhus fever usually 
appears sporadically, year after year, without giving rise to epidemics. In certain 
years, however, especially after the depressing influence of war and famine, there may 
be an enormous increase in the number of cases, and the disease takes on epidemic 
proportions, just like malaria, yellow fever and relapsing fever, under very favourable 
ecological conditions. In its epidemic outbursts, typhus fever attacks almost 
exclusively the lowest classes, and more especially the inmates of crowded dwellings, 
such as jails, asylums, and lodging-houses. It has prevailed frequently on ships, 
or in army camps, with all the appearances of an exceedingly contagious disease. 
The experience of hospitals is most instructive. In badly constructed, uncleanly 
hospitals the disease has frequently spread to other patients, and attacked doctors, 
nurses and attendants; in others, better cared for, patients and staff have remained 
unaffected, notwithstanding the admission of numerous cases. As in relapsing 
fever, the virus of typhus fever is able to persist for a long time in rooms that have 
been occupied by the sick, and old clothes and bedding have often been the means 
of conveying it to a distance. Outbreaks of typhus fever have often followed on the 
arrival of famine-stricken hordes though not showing any manifestation of the 
disease. Remarkable examples were witnessed in 1868, in Algeria, when many of the 
persons attending to the relief of the famished natives were attacked, notwithstanding 
that their contact had been of the slightest and invariably in the open. These and 
other facts in the epidemiology of typhus fever are, to my mind, only capable of one 
interpretation, namely, that the disease is not immediately contagious, but that it ts 
transmitted by blood-sucking parasites such as the common bed-bug, or the body-louse, 


69 


and, possibly, the fea. Further arguments in favour of this view are the well-known 
frequent association of typhus fever with relapsing fever, and the notable decrease 
of both diseases in consequence of the expulsion of the bed-bug and other vermin 
by habits of greater cleanliness in households. . . .’ 

‘Wilson and Chowning suggest that spotted fever is probably transmitted by 
ticks, They were led to this hypothesis not only because they believed the disease 
to be caused by a Babesta, but because in most cases there was evidence or, at least, 
a history of tick bites. Stiles opposes this on the ground that there is no proportion 
between the limited number of cases and the great frequency of tick bites in the 
Bitter Root Valley, where Dermacentor reticulatus occidentalis is exceedingly common. 
The suggested identity of spotted fever and typhus fever might at first sight appear 
to be a further argument against the hypothesis that spotted fever is transmitted by 
ticks ; but on the analogy of relapsing fever, which is conveyed by ticks in Africa and 
Asia, and by the common bed-bug in Europe, this method of transmission appears 
reasonable, Whatever may be the real nature of the spotted fever of the Rocky 
Mountains, its causative agent must be closely allied to that of typhus fever, and | 
have no doubt that the elucidation of the disease of the Rocky Mountains will 


advance our knowledge of the etiology of typhus fever.’ 

As soon as ready, I sent my article to the Editor of Allbutt’s 
System of Medicine, but two days later it was returned with a short 
polite note. As Manson had asked me to write it, I went to him 
and told him what had happened. ‘What have you written ?’ 
he asked, and I explained my views. ‘ No wonder,’ said he; but 
I soon convinced him of my reasons and he said, ‘ Leave me your 
paper, I will talk it over with Rolleston.’ My article was published 
with one omission, however: a reference to mice and rats which 
I considered necessary factors in the epidemiology of typhus, but 
Manson asked me to forego this as already I had ‘ greatly exceeded 
the limits of credibility.’ 

Three years later, three French investigators : MM. Ch. Nicolle, 
C. Comte and E. Conseil of the Pasteur Institute, Tunis (C. R. Acad. 
sc. p. 186, 6 Sept. 1909) proved, by actual experiment on a monkey 
(Macacus sinicus), that the body-louse is capable of communicating 


typhus fever. 
At about the same time, in India, Drs. Husband and MacWalters 


brought forward evidence in favour of the agency of the bed-bug. 
Later came the ‘ great war,’ and who knows not how valuable 
proved the knowledge of the agency of the body-louse in the trans- 


mission of typhus ? 

The experimental work of Nicolle and his co-workers has been 
fully and justly appreciated, but the value of the epidemiological 
data, which led to the experiments, have not been given the con- 


sideration they deserve 
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When, in 1906, I wrote my paper on Rocky Mountain fever, 
I stated that I considered the American disease was identical with 
our own typhus fever. I accepted the available evidence of its 
tick transmission and looked upon the ground squirrel as a likely 
reservoir, though no less a man than Stiles, after visiting the Bitter 
Root Valley, had declared himself opposed to these views, or, rather, 
considered them non proven. Moreover, I stated most clearly 
and emphatically that, to my mind, the peculiar epidemiological 
features of typhus, as we had known them for centuries in Europe, 
could not be explained without admitting the agency of some 
ordinary blood-sucking vector such as the body-louse, or the 
bed-bug. Finally, I suspected the presence of animal reservoirs, 
probably voles and field mice in the country, mice and rats in 
village and town, because, whilst carrying out field work in connection 
with other diseases, in Hungary, Roumania, Italy, and Spain, I had 
learned that typhus, as a rule, appears first among field workers, 
later in village communities. 

Now we know definitely that Rocky Mountain Spotted Fever, 
or ‘ Montana Tick Fever,’ is but a local form of typhus, that it is 
transmitted by the ‘Rocky Mountain Spotted-Fever Tick’ 
(Dermacentor venustus) and that reservoirs of the specific virus 
(Rickettsia) are the Ground Squirrel (Citellus columbianus) and 
other local rodents preyed upon by the tick in its larval and nymphal 
stages. 

My suggestion of the body louse, as a vector of typhus, was 
totally ignored until the war, when the agency of the insect was 
fully recognised ; now all text-books mention the Pediculus humanus 
corporis as if it were the one and only vector of typhus fever. 

In the present paper, I propose to give a brief account of my 
recent researches and views on the subject. 

In the first place, I must point out that the agency of the body- 
louse, though certainly of considerable interest and of grave 
economic importance, in so far as man is concerned, is but an 
episode in the natural history of typhus. 
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AUSTRALIAN ‘SCRUB ITCH-MITES’ 


Last July, in the Annals and Magazine of Natural History, 
under the name of 7Tvombicula hirsti, 1 described a new Australian 
species of ‘ Harvest-mite’ sent to the British Museum (Natural 
History) for determination. It had been collected by Mr. Frank H. 
Taylor, entomologist in the Australian Institute of Tropical Medicine, 
Townsville, in ‘scrub country’ at Innisfail and Tully, North 
Queensland. Mr. Taylor stated that he had been attacked on 
three different occasions and that the mite gave rise to a dermatitis 


Fic. 1. Trombicula hirsti Sambon. a.—dorsal view of larva; a’.—body setule ; 4.—ventral 
view of right palpus. 


consisting of red papules about 3 mm. in diameter with the mite in 
a depression at the centre and giving rise to intense itching. Long 
known locally as the ‘ Scrub Itch-Mite,’ this acarian inhabits the 
coastal scrubs, or tracts of rain-forest, andis found in damp situations, 
such as moist rotting logs. It is said to be very abundant in the 
nesting mounds of the ‘ scrub-fowl’ a remarkable gallinaceous bird 
of the family Megapodiidae which adopted the artificial incubation 
of eggs long before the ancient Chinese and Egyptians. 
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Tromlicula hirsti is a species very near Trombicula wichmanni 
described by Dr. Oudemans in 1905 from specimens collected in 
North Celebes by Professor Sarasin and in New Guinea by 
MM. de Beaufort and Lorentz. At first, I was inclined to look 
upon the Queensland harvest-mite as identical with that of New 
Guinea and Celebes, especially as many kinds of pigeons and other 
birds—its normal hosts—are common to New Guinea and to North 
Australia, but the specimens examined by me do not tally with the 
description and figures of Tvombicula wichmanni published by 
Oudemans. They seem to differ in the position of the eyes, the 
number and distribution of the body setules, and other details 
considered to be of specific value. 


Fic. 2. Trombicula hirsti Sambon. Ventral view of larva. 


Trombicula wichmanni, like Trombicula lirsti, has long been 
known as the cause of a severely itching dermatosis. One of the first 
to mention it was the great naturalist Alfred Russel Wallace, who 
met with it in the island of Ceram. He tells us in his book on the 
Malay Archipelago (vol. ii, p. 46) :—‘ I had suffered much from the 
irritating bites of an invisible acarus, which is worse than mosquitos, 


Thy _~ 


| 

| 


73 


ants, and every other pest, because it is impossible to guard against 
them. This last journey in the forest left me covered from head 
to foot with inflamed lumps, which, after my return to Amboyna, 
produced a serious disease, confining me to the house for nearly two 
months.’ 

The two cousins, Professors Sarasin, collected the larvae of 
Trombicula wichmanni on their own legs and on those of a native 
of North Celebes; they also collected them from the head of 
a Crowned Pigeon (Goura sp.), where hundreds were attached in 
regular rows ‘ like cobble-stones in street pavements.’ This mite is 
called ‘Gonone’ in North Celebes, but now the name Gonone is 
applied also to another Trombidiid larva which attacks man in 
New Guinea, the Schéngastia vandersandet, described by Oudemans in 
1905 from specimens collected by Dr. G. A. J. van der Sande in 
New Guinea, during the Dutch scientific expedition of 1903. 

In 1925, Mr. Stanley Hirst described, under the name of 
Leeuwenhoehia australiensis, a third kind of Australasian ‘ harvest- 
mite,’ specifically and generically different, which appears to be 
somewhat widely distributed in New South Wales. It is very 
troublesome to man, ‘causing intense irritation and actually 
burrowing into the skin.’ It manifests itself annually from October 
to April. 

Considering that ‘ Japanese river fever,’ a form of typhus, is 
known to be transmitted in Hondo by a ‘ harvest-mite ’ (Trombicula 
akamusht) and knowing that, under the name of ‘ Mossman fever,’ 
another local form of typhus prevails in North Queensland, 
I suggested to Mr. Taylor that the mite he had collected might 
possibly prove of grave economic importance as a vector of typhus, 
but he answered that, so far, no medical man in North Queensland 
had reported the presence of the mite on undoubted cases of Mossman 
fever and that, though attacked by the mite on several occasions, 
he had not suffered from the disease. At about the same time, 
Dr. A. H. Baldwin, acting Director of the Australian Institute of 
Tropical Medicine, had sent to the British Museum two slides 
containing mites collected in Western Australia in two grocers’ 
stores, one in Perth, the other in Fremantle, in each of which 
two cases of typhus fever had occurred last January. The slides 
forwarded contained, one a Chyletus (probably the cosmopolitan 
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C. eruditus), the other two different kinds of mites: a Tyrogliphid 
in its hypopial stage and a species of Haemolelaps, a Gamasid which 
no doubt, like other species of the genus, is a parasite of rat-like 
rodents capable of biting man. 


THE EUROPEAN ‘HARVEST-MITES’ 


The ‘Scrub Itch-Mites’ of Australia, Trombicula hirsti and Leeuwenhoekia 
australiensis, belong to that group of Trombidiid acari the larvae of which, in 
many parts of the world, molest man exceedingly. ‘The species longest known is 
our own ‘ Harvest-bug,’ Trombicula autumnalis (Shaw, 1790), first described and 
figured by Baker, in his ‘Employment of the Microscope,’ 1753. It is widely 
distributed throughout Europe, having been reported from various localities in 
England, Scotland, Holland, Denmark, Germany, Belgium, France, Spain, Italy, 
Hungary, Roumania and Russia. The larvae, as a rule, become especially prevalent 
and noxious in the autumn, hence the popular names of * Autumn-louse,’ * Autumnal 
acarus,’ and ‘ Harvest-bug,’ in England, of ‘ Béte d’aout,’ ‘ Pique-adut,’ ‘ Adutat,’ 
‘ Aduti,’ ‘ Vendangeur’ and ‘ Vendangeron’ in France; ‘ Herbstgrasmilbe,’ in 
Germany ; ‘ Acaro autunnale,’ in Italy. 

Like the larvae of certain ticks (/xodidae), the young mites are believed to 
climb up weeds, grasses and shrubs to await, at the tips of leaves, the passage of any 
possible host brushing through the herbage. ‘ Berry-bug,’ ‘ Gooseberry-louse ’ 
and ‘ Grass-mite’ are other popular names which indicate the frequent association 
of this mite with various kinds of plants and its attacks on women and children 
employed in the picking of gooseberries, blackberries or bilberries. In the Eastern 
Alps it is called ‘ Birkenlaus,’ because of its occurrence on or beneath the dwarf 
birches of the ‘ elfin mountain-scrub.’ Its striking scarlet colour, transparent like 
that of a balas ruby, also has given rise to several names, such as ‘ Red-bug,’ in 
England ; ‘ Béte rouge’ and ‘ Rouget,’ in France ; ‘ Bestia rossa,’ ‘ Rossetto,’ and 
‘Tarlo rosso,’ in Italy. The face in pasturing sheep, the paws in rabbits, have 
appeared at times reddened by its clustering swarms. 

The Rev. Gilbert White, in his ‘ Natural History of Selborne ’ (letter XXXII), 
speaking of the ‘ Harvest-bug,’ says: ‘ They are to be met with in gardens, on 
kidney-beans, or any legumes, but prevail only in the hot months of summer. 
Warreners, as some have assured me, are much infested by them on chalky downs, 
where these insects swarm sometimes to so infinite a degree as to discolour their 
nets, and to give them a reddish cast, while the men are so bitten as to be thrown 
into fevers.’ 

Sheep, goats, cows and horses often are attacked in localities where, at times, 
moles, voles, rabbits and hares are found literally covered with the mites. Cobbold, 
in his book on ‘ Parasites,’ London, 1879, page 267, says: ‘I myself once suffered 
severely from this species, in consequence of fondling a young wild rabbit which, 
as I afterwards discovered, was much infested. When the parasites had reached 
my left arm-pit, they occasioned extreme torture.’ They occur on hedge-hogs, 
squirrels and all kinds of rat-like rodents. The cat, owing to its prowling habits, 
is frequently assailed ; sporting dogs likewise. Many kinds of birds, especially 
gallinaceous game birds, such as the ordinary pheasant (Phasianus colchicus), the 
Grey Partridge (Perdix cinerea) and domestic fowls are known to be attacked, 
Railliet and Lucet have reported great mortality from this pest among young 
chickens hatched at the end of Summer or Autumn, in the South of France. 
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Reptiles are not spared. I have seen specimens found on the Common Lizard 
(Lacerta vivipara) and, possibly, they may be found on snakes, especially rat-eating 
snakes (Natrix, Coluber, Coronella), seeing that the larvae of the North American 
mite, Trombicula irritans, have been reported from various American Colubrinae, 
but, so far, on European snakes, I have found only species of the snake Dermanyssid 
Ophionyssus. 

The ‘ Harvest-mite ’ may affect any part of the body, but in each host-species 
it seems to elect some particular region. It is found on the inner surface of the ear 
in voles (Microtus) and about the anal region in Wood-mice (Apodemus), at any 
time of the year; it settles along the margin of the eyelids of dogs in autumn ; 
between the claws and at the tip of the tail in cats; on the under parts in sheep, 
oxen and horses ; at the back of the head in birds ; on the legs, groin, scrotum and 
arm-pit in man. As a rule, it chooses those parts where the skin is soft and thin, 
and there settles, often in large clusters, just like seed-ticks. In birds, it attaches 
itself at the base of the feathers, in mammals and in man it clings to the hairs, near 
the root, inserts its mandibles into the mouth of the hair-follicle, and gives rise to a 
slightly raised erythematous spot or wheal, the size of a lentil, and to itching so 
intense, burning and intolerable, that ‘ Fire-mite,’ ‘ Feu d’herbe,’ and ‘ Wild-fire ’ 
are among its many popular names. 

Though long known in its noxious larval instar, there has been considerable 
uncertainty among acaralogists as to the true adult form of our ‘ Wheal-mite.’ 

Latreille, in 1796, named it Leptus autumnalis, placing it in his genus Leptus 
established for Acarus phalangii de Geer, a species of Achorolophus (family 
Erythraeidae). 

Claparéde took it for a ‘Spinning Mite’ and erroneously ascribed it to the 
genus Tetranychus. This view was adopted by Andrew Murray, in his ‘ Handbook 
of Economic Entomology,’ and more recently by Hanstein, who believed it to be 
the larva of the common ‘Red Spider’ (Letranychus telarius), a phytophagous 
pest of many garden and orchard plants, which spins a protective web of incon- 
ceivably delicate texture on the under-side of the leaves it feeds upon and yellows. 

In 1860, in a valuable work, unappreciated at the time, * Histoire Naturelle de 
la Santé et de la Maladie chez les Végétaux et chez les Animaux en général, et en 
particulier chez ’Homme,’ V. F. Raspail recounts how, in 1822, he came in touch 
with the Leptus autumnalis at Chateau de Guermante, near Lagny (Seine-et-Marne). 
The local peasants called it * rouget ’ and ‘it is as scarlet-red,’ says Raspail, ‘ as the 
Trombidium (T. holosericeum) of which it appears to be the earliest stage.’ 

A few years later (1876), P. Mégnin stated quite definitely that he considered 
Leptus autumnalis to be the larva of Trombidium holosericeum, and his opinion was very 
generally accepted. 

Trombidium holosericeum L. (= Sericothrombium holosericeum (L.) Berlese) is 
the oldest known Trombidium, first described and figured by Lister, in 1678. It is 
a gorgeous velvet-mite of bright poppy colour and silky lustre, which lives pre- 
daciously on spiders and small insects. Its eggs, laid in tiny clusters, and its nimble 
larvae are also of blood-red colour, hence the name Trombidium, given by Fabricius, 
but badly rendered from the Greek term @pou Bos which means blood-clot. 

Berlese, in 1893, assumed that Leptus autumnalis was the larva of Trombidium 
gymnopterorum, now known as Allothrombium fuliginosum (Hermann), a mite of dull 
red colour, somewhat smaller than Sericothrombium holosericeum, but longer in 
proportion to its width. The larva is yellowish-red and of elongate oval shape. 
The life history of this acarine was investigated in 1882, by Henking, who found 
that the larva feeds on ‘ Plant-lice’ (4phididae) exclusively, and the adult on 


various small insects, yet chiefly on aphids. 
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Then it occurred that probably, under the name of Leptus autumnallis, several 
species of Trombidiid larvae were being confounded, and Railliet (1895) suggested 
that these might prove to be even generically different. 

In 1904, Heim and Oudemas stated that the term ‘ Rouget,’ in France, applied 
not merely to one, but to two, perhaps three, different species of Trombidiid larvae, 
all known to attack man during the hot months of the year. These mites, collected 
by Heim during several successive summers, were: the majority, a larval form 
resembling Trombidium gymnopterorum (= Allothrombium fuliginosum), and two 
apparently new larval forms, which they proposed to call Trombidium poriceps and 
Trombidium striaticeps. The first Bruyant referred to Trombidium holosericeum, 
in 1909, the second to Trombidium degeert Oudemans, in 1910. The larvae of 
neither of these mites are known to attack vertebrates. Sericothrombium degeeri 
seems to have but one host—a dipterous insect, Oscinella frit. 

The only way to arrive at a correct determination was, of course, by means of 
rearing and breeding experiments. Thus Brandis, in 1895, obtained a nymphal 
form from ‘ Harvest-mites,’ collected on man at Halle, which Oudemans and 
Bruyant referred to Muicrothrombidium pusillum (Hermann, 1804). In_ 1909, 
Bruyant himself succeeded in rearing a nymph from French ‘ rougets’ taken from 
a partridge and known to be specimens of Oudeman’s Trombidium inopinatum. © 
At first Trombidium inopinatum (=Trombicula inopinata) was confounded with 
Allothrombium fuliginosum, Microthrombidium pusillum and Trombicula autumnalis, 
but Oudemans (1927) has shown that it is a separate and good species, widely 
scattered throughout Central Europe, which attacks birds and mammals. 

In 1924, Hirst also reared a single nymph from ‘ Harvest-mites’ collected by 
Professor F. V. Theobald, on chickens at Wye. Cognisant of recent work in Europe, 
America, and Japan, he assigned it to the genus Trombicula, at the same time 
suggesting the creation of a new subgenus, Neothrombicula, which, perforce, I must 
reject, because based on characters far too vague, viz.: ‘(1) Body of nymph 
more elongate ; (2) Hairs on dorsal surface of cephalothorax differently shaped.’ 


THE AMERICAN ‘HARVEST-MITES’ 


In North America, as in Europe,‘ Harvest-mites’ have been long knownon account 
of the considerable amount of annoyance and suffering they give rise to in many parts 
of the United States. The popular American name given to the pest is ‘ Chigger,’ 
or ‘ Gigger,’ a corruption of the term ‘ Chigoe,’ from the Spanish chico, meaning 
something small, and generally applied to the penetrating Sand-flea (Tunga penetrans) 
of northern South America, Mexico, and the Caribbean Islands. In 1873, 
C. V. Riley described and figured two American mites affecting man—Leptus irritans 
and Leptus americanus. The first is the commonest species and occurs throughout 
the southern United States and as far north as New Jersey and the upper Mississippi 
Valley. Dr. Ewing has shown that Riley’s Leptus americanus is not a Trombidiid, 
but a species of the family Erythraeidae, to which the genus Leptus really belongs. 
Leptus irritans, on the other hand, is a Trombicula, the larva and adult of which, 
owing to Ewing’s researches, are now definitely known. In 1920, this eminent 
American acarologist described a beautiful vermilion acarine from Virginia and 
Maryland, which he named Trombicula cinnaberis. In 1923, having previously 
noticed that this Trombidiid was the only mite invariably found in association 
with the common chigger, he procured specimens from Pennsylvania, bred them in 
captivity, and succeeded in obtaining larvae which, unexpectedly, proved to be 
identical with the Mexican chigger, Alicrothrombidium tlalzahuatl (Lemaire 
emend.) Oudemans, 1913. Then Ewing examined all the specimens of Leptus 
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irritans in Riley’s collection, and found that they too were identical with the 
Mexican mite. But Riley’s specific name ‘ irritans’ takes priority, because it is 
four years older than ‘ Tetranychus tlalsabuate Lemaire,’ published in Murray’s 
handbook, 1877. ‘Therefore, as Dr. Ewing has proved, the harvest- or wheal-mite 
most prevalent throughout the United States is Trombicula irritans Riley. 

In ‘ Science,’ 1924, Dr. Ewing, while reporting the finding of the hitherto 
unknown adult form of the common American chigger, stated that there were 
strong indications to suspect the rabbit as largely responsible for the spread of the 
annoying mite. J.ater, in the course of his researches, he found a species of King 
snake (Lampropeltis getulus getulus) infested with Trombicula irritans. Already, 
in 1923, A. E. Miller had found mites of the same species (identification confirmed 
by Ewing) attached to the skin, between the scales, of several Black Snakes (Coluber 
constrictor) and Garter Snakes (Thamnophis sirtalis). During the summer of the 
year following, these chiggers were often found in countless numbers on various 
kinds of snakes such as the Black Snake (Coluber constrictor), the Common Garter 
Snake (Lhamnophis sirtalis), the death-feigning Common Hog-nosed Snake 
(Heterodon platyrhinus), the Black Hog-nosed Snake (H. platyrhinus niger) and a 
Coronella-like snake, the Eastern Ring-necked Snake (Diadophis punctatus). Copper- 
heads, rattlesnakes and water-snakes were not found to be infested with chiggers. 

In 1926, Dr. Ewing found the larvae of Trombicula irritans in the fossae of the 
posterior legs and about the base of the tail of specimens of the Common Box-Turtle 
(Terrapene carolina carolina), collected in a swampy wood near North Beach, 
Maryland. 

Besides Trombicula irritans, other ‘Harvest-mites’ are known to occur in the 
United States. In 1918, C. W. Howard mentioned and figured a Trombidiid 
larva found in the northern part of the Mississippi Valley, which Ewing believes 
may be the young form of his Trombicula splendens described in 1913, from specimens 
collected in a tamarack swamp near Portage, Wisconsin. 

In 1921, Mr. S. Hirst described two larval mites collected on chickens in Dallas, 
Texas, by H. P. Wood, of the United States Department of Agriculture. One of 
these, which he proposed to call Leptus similis, was, according to Ewing, identical 
with Trombicula irritans, the other, described under the name of Schéngastia 
americana, was new to science. 

In 1925, Ewing described two new species of Sch dngastia—S. sciuricola, taken 
from Sciurus hudsontcus richardsoni (Bachman), at Florence, Montana, and Sch éngastia 
californica, from a Ground Squirrel, at ‘Topaz, California. He also described a new 
variety of Trombicula irritans—T. irritans var. tropica, from a small lizard (Anadia 
taentata), collected at Chama River, Venezuela, and three new species of Trombicula : 
(1) I. dentata, from a White-Tailed Deer (Odocoileus virginianus), shot in Sonora, 
Texas; (2) 7. panamensis, from a Cotton Rat (Sigmodon hispidus chiriquensis) 
Balboa, Panama; (3) Z. zmsularis, from a lizard (Anolis cybotes), collected in Santo 
Domingo. 

In 1926, Ewing described two new adult species of Trombicula—T. alleei, from 
Barro Colorado Island, Panama Canal Zone, and T. peruvoana, from Peru. 

Several other ‘ Harvest-mites’ have been described from the New World. 
Among them are Trombicula coarctata Berlese, 1888, which occurs in Paraguay and 
Argentina; Trombicula bruyanti Oudemans, 1910, from Didelphys opossum, Brazil, 
and Sch éngastia trouessarti Oudemans, 1910, from Didelphys opossum, Brazil. 
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‘HARVEST-MITES’ AND TYPHUS IN JAPAN 


Of considerable interest are the researches of Japanese 
investigators on the ‘ Harvest-mites’ of Hondo as vectors of the 
local form of typhus. The disease is called Tsutsugamushi-byo, 
which means the dangerous-mite disease, or takes other various 
names given to the mite, such as Akamushi (red-mite), Kedani 
(hairy-mite), Shashitsu (sand-mite), Shimamushi (island-mite), and 
ancient records show that both the disease and its transmitting 
agent have been known for more than a thousand years in the 
‘Land of the Rising Sun.’ 

‘ Japanese River Fever,’ or ‘ Flood-fever,’ as it is termed, after 
Balz, in European medical literature, exhibits a peculiar dis- 
continuous distribution in the northern districts of the Central 
Island, affecting low-lying areas along certain river valleys, such as 
those of the Omono river in the Akita prefecture, of the Mogami in 
the Yamagata prefecture, and of the Shinano river and its tributaries 
in the Niigata prefecture. Here, at harvest time, the reapers who 
work in the corn and hemp fields contract the disease. The disease 
is not directly contagious and its endemic foci coincide with the mite’s 
distributional areas. These infective areas are called, locally, 
Ytidokuchi, a term meaning ‘ poisonous place.’ 

A short account of the disease was given by Dr. Theobald A. Palm, 
in a letter to the Rev. John Lowe, F.R.C.S., published in the 
Edinburgh Medical Journal, in 1878. ‘ It occurs,’ writes Dr. Palm, 
‘in certain well-marked districts, and at a particular season of the 
year, so that the opportunities of investigating it do not often occur.’ 
‘TI could find nothing peculiar in the vegetation of these districts. 
They are partially under cultivation, and the disease occurs among 
the agricultural labourers who work there, or others who may happen 
to visit the district at the time. Those are attacked who go among 
the vegetation, not those who walk along the stony or gravelly 
banks. The disease occurs only in the months of July and August, 
especially at the time when the flax-plant, which is there much 
cultivated, is being reaped, and especially among the reapers. The 
remarkable thing is, that none of those who are affected are aware 
at the time of being bitten or stung, and that none of them have 
ever seen the insect, but the belief universally prevails that it is an 
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insect. At the time of my visit to the spot on rst August, I could 
find no one who had seen the insect, though I was told of one man who 
professed to have seen it, and stated that it was like a small spider.’ 
After sketching the symptoms of the disease—the initial ulcer, the 
swollen proximal glands, the headache, fever and rash—Dr. Palm 
says: ‘ I was curious and sceptical about the disease, and expressed 
a wish to see it. Accordingly, when visiting the Government 
hospital at Nagasaki, on the 1st August, I was taken to the district, 
about two miles from Nagasaki, where I found that a Buddhist temple 
had been appropriated as a temporary hospital for the reception of 
patients affected by the disease, and that an intelligent young man, 
a student from the Medical School in Tokio, conducted by German 
professors, had been appointed as house surgeon.’ Dr. Palm 
describes six cases he had the opportunity of examining at this 
place, and says: ‘ Later on, in the month of August, the house 
surgeon above mentioned, called on me and stated that he had 
discovered the insect, that, while picking with a needle the black 
spot in the centre of the swelling of a patient recently affected, he 
noticed crawling up his finger, a very minute insect, which, upon 
microscopic examination, resembled a spider. To preserve his 
specimen he had stuck it with gum between two glass slides, and 
offered it to me for examination. His method of preserving it, 
however, had rendered it impossible to do more than recognise that it 
was an insect of some kind, but it may have been an Acarus scabiet. 
Under the circumstances, I do not consider it yet demonstrated that 
it is caused by an insect.’ 

Balz, in 1879, refuted the acarine origin of the malady, not- 
withstanding that long experience had proved it to be true, as 
surely, as convincingly, as the rat conveyance of plague and the 
mosquito transmission of malaria among the Ancients; the tsetse 
portage of Nagana and the argasid transmission of relapsing fever 
among African natives, and the tick transmission of cattle haemo- 
globinuric fever among Texan farmers. 

In 1899, Keisuke Tanaka reaffirmed the well-known connection 
and gave a picture of the red mite sufficiently accurate to prove it 
to be a Trombidiid larva. 

In 1910, Professor E. Brumpt proposed for it the name of 
Trombidium akamushi and, in 1915, Mr. Hirst published excellent 
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drawings of the Japanese ‘ Harvest-mite’ under the name of 
Microthrombidium akamushi. 

The bionomics of Tvombicula akamusht have been studied by several 
Japanese investigators among whom should be mentioned Nagayo, 
Mitamura, Miyajima, and Okumura. The hosts of Tvombicula 
akamushi, like those of T. autumnalis in Europe, and T. irritans in 
North America, are numerous and widely diverse. Among them 
are man, dog, cat, pony, and buffalo; it occurs, often in great 
clusters, attached to the inner surface of the ear in voles (Muicrotus 
montebellot) and is found on other rodents, such as A podemus agrarius, 
Arvicola hatanedzumi, Micromys speciosus, Rattus rattus rufescens, 
Rattus norvegicus, Mus jerdoni and Mus musculus. It has been found 
on birds of many kinds, such as ordinary barn fowls and pheasants ; 
on a_ Bustard-Quail (Turnix taigoon) and a Sedge-warbler 
(Acrocephalus orentalis). 

Miyajima and Okumura were inclined to believe that both the 
nymph and adult of Tvombicula akamushi live on the juices of plants, 
a belief long held in Europe and America, with regard to other 
‘harvest-mites ’ and, indeed, they do occur invariably among certain 
plants, such as the common mugwort (Artemisia vulgaris) and 
lalang grass (Imperata arundinacea) in scrub-like association, but the 
connection is one of cover, not food. 


‘HARVEST-MITES’ AND TYPHUS IN CHINA 


At first the ‘ river fever’ of Japan was believed to be limited to 
some riverine districts of North-east Hondo, but now we know that 
it has a far wider distribution, having been reported from South 
China, Indo-China, Korea, Formosa and Sumatra. 

In his Health Report on Chefoo, October, 1874, to September, 
1875, Dr. J. R. Carmichael (‘An Epitome of the Reports of the 
Medical Officers to the Chinese Imperial Maritime Customs Service, 
from 1871 to 1882,’ London, 1884) mentions ‘ Japanese river fever,’ 
as observed in the Chefoo settlement, and states that its symptoms 
resemble those of typhus. 

The ‘ Sand-mite’ of South China, and the ‘ Red-mite’ of Japan 
were recognised as identical, according to Hatori, about ninety 
years ago, by Genkei Ohtomo and his son, both experienced physicians 
of the Akita district of Hondo. 
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Now Hatori quotes a passage from a Chinese work of the sixteenth 
century, entitled ‘Honzo Komoku’ (System of Natural History), 
edited by Li Shiting, in which a ‘ Sand-mite’ is described as a 
fever carrier. 

This historical epidemiological statement was so surprising 
that I called on Dr. Giles, Deputy-keeper of the Oriental Department 
in the British Museum, and asked him whether the work mentioned 
could be found in Europe. He told me it was in the room backing 
the one in which we sat, if, as he supposed, my title was the Japanese 
rendering of the name of a well-known Chinese ‘ Materia Medica,’ the 
Pén ts’ao Kang Mu, compiled by Li Shih-chén, of the Ming dynasty 
(sixteenth century). Li Shih-chén spent thirty years on the work, 
making abstracts from the writings of no less than eight hundred 
previous authors. 

1 asked to see the work. ‘ Come along,’ said Dr. Giles, ‘ but how 
are we going to find your mite; you have no page reference 
and the work consists of fifty-two folio volumes!’ I looked in 
wonderment at the imposing array, drew out a volume and opened 
it. The ornate Chinese script was arranged in two columns on 
each page made of felted mulberry-bark fibres. ‘And you can 
read and understand this,’ I asked, placing my right forefinger 
upon the fourth column. He began to read, then, suddenly turning, 
he asked for my paper, because he had chanced upon ‘ Sand-mites ’— 
we had found the very passage I needed—and he gave me the 
following translation :— 

‘Li Shih-chén says :—“‘ According to the Kuang chih of Kuo 
I-hung, the sha-shth (lit. ‘Sand-louse ’) lives on the water. Its colour 
is red, and it is not larger than an ant. It kills man by burrowing 
into his skin.” ’ 

“Ko Hung says, in his Pao p’o tzit :—-“‘ The shih is found both 
on water and on dry land. When people walk on the sands after 
rain in the early morning or evening, it attaches itself to some part, 
such as their hair, and piercing the skin, penetrates into the body. 
It can be pricked out with a needle. In colour it is red, like cinnabar. 
If it is not extracted, it will enter the flesh and may cause death. 
In all places where this insect is encountered, the cautery should be 
resorted to on one’s return home, and the heat will expel it ’’.’ 

‘The Chou hou fang (a book of medical prescriptions) says :— 
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“ Among hills and water, ‘ Sand-mites’’ abound. They are so minute 
as to be hardly visible. When people wade through water, or walk 
amidst undergrowth in the dark, these mites fasten upon them and 
burrow under the skin, causing a prickly sensation and a red rash, the 
size of millet grains. Three days after the piercing of the skin, 
fever and ulcers supervene, and if the insect makes its way into the 
bones, death will ensue ’’.’ 

‘“The people of Ling-nan (a name for Kwangtung), when 
attacked by the insect, scrape it out with the blade of a rush or a 
leaf of bamboo, and then smear the place with the juice of K’u-chii 
(Lactuca sp., or Cichorium endivia). But if it has already gone deep, 
it is extracted with a needle. The insect is just like a chieh-ch’ung 
(lit. ‘ itch-mite ’) ’’.’ 

Li Shih-chén goes on to describe the symptoms of the disease— 
headache, rise of temperature, vomiting, numbness in fingers and 
toes, sometimes abdominal pains, mental depression, etc., which 
leave little doubt as to the nature of the malady. 


THE NyMPHAL Form or Kiricephalus pattom (Stephens, 1908). 


The association between a ‘ Cinnabar-red mite’ and an eruptive 
fever was definite enough, but Li Shih-chén quoted authors who 
stated that the ‘ Sand-mite’ lives in water, attacks people wading 
through water, burrows beneath the skin and may cause death. 
Knowing nothing of the presence of “ Harvest-mites ’ in water, dis- 
crediting the popular belief as to their power of embedding them- 
selves beneath the skin, we smiled and agreed that Li Shih-chén 
must have been a naturalist as gullible as Pliny the elder, but the 
sequel shows that the laugh was to be on the side of the celestial. 

The day following that of my visit to Dr. Giles, I received a 
paper by Dr. Prosper Bovien, ‘Ueber einige Pentastomum aus Java’ 
(Saertryk af Vidensk. Medd. fra Dansk naturh., Foren Bd. 84— 
15.1.1927), describing two species of Razllietiella and one of 
‘ Pentastomum.’ Of the two Raillietiellas, one, R. gephrae (sic), from 
Peropus (-Gehyra) mutilatus, is new to science ; the other, R. affinis, 
from Gecko verticillatus, I consider to be the same as Diesing’s 
Pentastomum geckonis, first described by Dujardin, in 1845, from the 
‘Gecko de Siam’ (-G. verticillatus). 

The ‘ Pentastomum’ is a nymphal form of Kiricephalus which 
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Dr. Bovien found lodged, often in great numbers, beneath the skin 
of frogs (Rana cancrivora), in Djombang, Java. He proposes for it 
the new name ‘ Pentastomum ’ javanicum, ‘ because,’ says he, ‘ I can 
hardly believe we are dealing with an already described Pentastome.’ 
However, he rightly suggests that the adult form should be looked 
for in the local snakes and Monitors (Varanidae). 

The great constricting snakes, Python reticulatus and P. molurus, 
occur in Java, but Bovien never saw them in his own neighbourhood, 
whilst species of Bungarus (especially B. fasciatus) and Zamenis 
(Z. korros and Z. mucosus) were common. He points out that the 
‘Racers ’ (Zamenis) are known to harbour adult linguatulids, such as 
Kiricephalus pattom (Stephens), but misses the obvious correlation 
of his nymphal tongue-worm with the adult Kuzivicephalus, by 
trusting Heymons (1926, p. 129), who says: ‘ the genital aperture 
in the females of the Kiricephalus species opens a little behind the 
anus.’ Yet, in describing Kiricephalus coarctatus, the species on 
which I established the genus Kiricephalus, I pointed out that the 
anal and sexual orifices in the female opened together in a sub- 
terminal slit placed on the ventral surface, at right-angles with the 
long axis of the body. This is exactly what Dr. Bovien finds, 
describes and figures in his ‘ Pentastomum’ javanicum. He says :— 
‘The vagina and rectum open together in a common depression 
at the posterior extremity. From above one sees a transverse 
cleft from which the ventral lip somewhat protrudes.’ 

Dr. Bovien has been kind enough to send me specimens of his 
frog linguatulid, and thus I have had the opportunity of comparing 
them with similar young specimens of Kiricephalus pattoni collected 
by Dr. Bell, from a snake (probably a Zaments), in Hong-Kong, 
and now in the collections of the Liverpool School of Tropical 
Medicine. The latter were courteously placed at my disposal by 
Professor Warrington Yorke and Dr. T. Southwell. Taking into 
consideration all morphological characters, such as number of 
body-rings, shape of mouth-armature, shape and size of hooks, 
position of genital and anal orifices, etc., I have no hesitation in 
asserting that the nymphal form found by Dr. Bovien, beneath the 
skin of Rana cancrivora, in Java, is the young form of Kiricephalus 
pattont (Stephens), and that the Crab-eating Bullfrog is one—in 
Java probably the most common—of its primary hosts. 
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Dr. Bovien found this nymphal tongue-worm in 30 to 40 per cent. 
of the Djombang frogs, and made some interesting observations. 
He says :—‘ The Pentastomes were found usually subcutaneously, 
but often pressed between the muscles or lying free within the 
body cavity. Through the thin skin of the frog it was often possible 
(especially on the inner aspect of the femora) to see the contours 
of the parasites. When strongly infested the skin of the frogs was 
covered with sanguinolent wounds and when the frogs were kept in an 
aquarium the Pentastomes often left them and moved about in the 
water. In one large frog I found as many as forty Pentastomes.’ 

A Japanese entomologist, Dr. Teiso Esaki, who has been working 
in the British Museum (Natural History), was kind enough to show 
me figures of two different linguatulids in a Japanese work on the 
Fauna of Nippon (Nippon Dobutsu Zukan, Tokyo, 1927). One of 
the drawings represented the cosmopolitan Linguatula serrata, the 
other an oriental tongue-worm described, in 1927, under the name of 
Cayerina mirabilis, by Dr. Kishida, who believes it to represent a new 
species and genus. It was found beneath the skin of Rana 
limnocharis collected in Formosa by Professor Watase. 

Kishida’s description of Cayerina mirabilis is as follows :— 


‘Total length 25 mm., width 2°5 mm., male usually smaller than female. 
Cephalothorax semi-circular, somewhat concave along the median line, and 
protruded, nipple-like, anteriorly. Mouth oval in outline, situated slightly below 
the leg-line. Legs on a transverse row, all nearly equal in size, claws arc-shaped, 
with curve bent backward. Abdomen not tapering much even at the posterior 
portion. Anus and uterus both opening near the posterior end. Number of 
segments about 40. In life milky-white or slightly pale yellowish-brown. Adults 
found in Rana limnocharis Wiegmann, under the skin and among various muscles. 
Nymph, larva and egg unknown.’ 

Here again, judging, so far as is possible, from drawings and 
description, I venture to suggest that we have not adult specimens 
of a generically and specifically new linguatulid, but the nymphal 
or immature form of Kiricephalus pattoni. 

Before receiving Dr. Bovien’s specimens, I had asked Mr. H. W. 
Parker, herpetologist in the British Museum, whether he had ever 
noticed any linguatulids located beneath the skin of frogs, toads or 
newts. He told me he had not seen any linguatulids so disposed, 
but that he had noticed peculiar tiny cysts, possibly of parasitic 
origin, beneath the cuticle of a Pleurodema frog from the Argentine. 


We examined several specimens of Rana cancrivora from various 


| d 
: 


85 


localities, such as Java, Borneo, Celebes, Siam, etc., but failed to 
find any trace of subcutaneous tongue-worms. We discovered them, 
however, and disproportionately large, beneath the skin of the back 
and thighs in Microhyla inornata Boulenger, a tiny Siamese Tree-frog. 


SUBCUTANEOUS TROMBIDIID LARVAE IN FROGS, 
TOADS AND NEWTS 


Then we examined specimens of Pleurodema bufonina (Bell), from 
the Territory of the Rio Negro, Argentine, and on these we found 
numerous yellowish subcutaneous cysts, about the size of a pin’s 
head, scattered over the ventral surface of body and limbs. The 
integument covering them showed no change whatever. Mr. Parker 
tore open a few of the tiny cysts and in each we found a minute 
acarian ; in one larger cyst (fig. 3) were two mites placed side by 
side, but separated by a thin partition. 


Fic. 3. Hannemania hobdayi. 


A more thorough examination of the endoparasitic mites enabled 
me to determine that they represented a new species of Hannemania. 

Another species of Pleurodema (P. bibroni Tschudi), also from the 
Rio Negro, was then examined, and the same kind of tiny orange 
cysts were found, likewise enclosing larvae of Hannemania, but of a 
different species. 
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The genus Hannemamia was established by Dr. A. C. Oudemans, 
of Arnhem, in 1911, to hold a Trombidiid acarus found in Brazil, 
beneath the skin of a species of leaf-frog (Hylodes sp.) and first 
described by him in 1910, under the name of Heterothrombidium 
hylodeus. 

In 1916, the eminent Dutch acarologist described a second 
species of Hannemania, H. rouxt, found in the skin of a frog, ‘ either 
in New Caledonia or in the Loyalty Islands,’ the uncertainty of 
locality and host being due to loss of label. Fortunately, however, 
we can determine both these points, because, as in the case of true 
oceanic islands (of comparatively recent volcanic or coral formation), 
neither New Caledonia, nor the Loyalty Islands possess any indigenous 
batrachian. In New Caledonia, however, an Australian tree-frog 
(Hyla aurea) has been imported and, though still more common 
about the coastal swamps, it is making its way up stream towards 
the higher valley reaches. It happens, moreover, that Hannemama 
vouxt was described by Dr. Oudemans, from the very specimens 
collected by Dr. Jean Roux, on Hyla aurea, in New Caledonia, while 
the latter was studying the reptiles of New Caledonia and the 
Loyalty Islands, in 1913. 

In 1922, Miss Mary Brown (Washington Univ. Stud., Vol. IX, 
Scien. Ser., No. 2, pp. 291-300), reported a case of cutaneous 
infestation of Rana pipiens by an acarine larva which she regarded 
as a “ Water-mite.’ 

In 1925, Dr. Ewing described a Trombidiid larva taken from 
specimens of Hyla arentcolor collected at Barrett Dam, Cottonwood 
Creek, San Diego County, California, by L. M. Klauber. Some of 
the mites were merely attached to the skin, others were either 
partially or entirely embedded beneath the skin. Although Ewing 
noticed certain morphological differences he assigned the mite 
found on Hyla arenicolor to the genus Trombicula, and named it 
Trombicula hylae. 

I had hardly had time to study the mites found in the skin of the 
two species of Pleurodema, when Mr. Parker brought me more mites 
found beneath the skin of two other South American batrachians, 
Bufo variegatus from Lake Nahuel Huapi, Puerto Blest, Argentine 
Andes, and Borborocoetes roseus from Casa Panque, Chile. These 
two amphibian hosts had been collected by F. W Edwards and 
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Rk. C. Shannon, during their recent expedition to South America, 
arranged by the British Museum (Natural History) and the Bacterio- 
logical Institute of the National Department of Health, Argentine. 

Then Mr. Charles Elton, of the Department of Zoology and 
Comparative Anatomy of the Oxford University Museum, who saw 
drawings of my frog mites, informed me that he had read a short 
notice on frog acarians in the January, 1927, issue of ‘ Ecology.’ 
I looked up the reference as soon as he left and found that Mr. H. Edw. 
Hubert, of the Ranara Biological Supply Co., New Orleans, mentioned 
a heavy mite infestation noticed in numerous specimens of the 
Southern Leopard Frog (Rana sphenocephala (Cope)) from South- 
western Louisiana. The infested frogs presented small orange- 
coloured dots less than 1 mm. in diameter and slightly tubercular, 
practically confined to the ventral and caudal areas of the thighs and 
to the anal region, though a few were scattered over the abdomen. 
The mites, contained within the yellow blebs, were exclusively skin 
parasites, not being found either within the frog’s body cavity or its 
musculature. They had been submitted to Professor Robert H. 
Wolcott, of the University of Nebraska, who stated: ‘the mites 
were all in the larval stage and probably belonged to some 
Hydrachnid or ‘‘ Water-mite,”’ the host being aquatic.’ 61-9 per 
cent. of the frogs were infested and as many as 200 mites were found 
on one frog. The earliest infested frogs were collected at the end 
of July. 

Suspecting that the acarian of the Southern Leopard Frog might 
be a Trombidiid of the genus Hannemamia, I examined specimens of 
Rana sphenocephala in the collections of the British Museum and, 
luckily, found a few of the mites encysted beneath the epidermis of 
the under side of the thighs in one of four frogs collected at S. Antonio, 
Texas, nearly half a century ago! Examination of the mites, 
extracted from their cysts proved that, as suspected, they belonged 
to the genus Hannemania. 

Mr. Parker drew my attention to a work on ‘ The Salamanders 
of the Family Plethodontidae,’ published in 1926, by Dr. Emmet Reid 
Dunn, who states that he found ‘ mites encysted under the epidermis 
of Desmognathus fuscus fuscus (Refinesque), a small nocturnal newt 
of the Eastern United States. Suspecting that the newt-infesting 
acarian also might be a Hannemania, | asked for specimens, and 
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Dr. Dunn at once sent several, from which I obtained a new species 
of Hannemania. 

Other species of Hannemamia were found in Borborocoetes taentatus 
(Girard), from Chile, in Eleutherodactylus gollmert Boulenger, from 
Matto Grosso, Brazil; and in Hyla rubra, from Urucum, Matto 
Grosso, Brazil. 

Besides a Hannemania, this Hvla harboured also a Trombicula 
which affected its interdigital membranes. 

While looking through specimens of Acarines recently presented 
to the British Museum, but not yet determined, I found another 
kind of Trombidiid larva also parasitic on frogs and embedded 
beneath their skin. It is a new species of Schéngastia collected 
in Madagascar, from Mantidactylus luteus Methuen and Hewitt, 
a frog belonging to a peculiar mascarene genus. 

Finally, Mr. Parker handed me three species of Phrynobatrachus 
(P. natalensis, P. plicatus and P. acridoides), from Ashanti, all 
harbouring species of Schéngastia embedded beneath the skin of 
their hind legs and abdomen. 


ENDOPARASITISM OF TROMBIDIID MITES 


In describing Hannemania hylodeus, Dr. Oudemans (1910) 
states that, as in the case of Ixodes ricinus, Schéngastia vandersandet 
and Tunga penetrans, this Trombidiid larva does not actually 
penetrate beneath the skin, but that the host’s inflamed cuticle 
rises ring-like about the parasite finally arching over it, yet leaving 
a small opening at the apex. He says he is led to this conclusion 
by the study of sections examined under high powers. 

Dr. Ewing (1925), who also found Trombidiid larvae embedded 
in the skin of frogs (Hyla arenicolor), ‘some attached purely as 
external parasites . . . others partly imbedded in the skin... . 
others entirely below the skin,’ says he is ‘ of opinion mites enter 
the pores of the mucous glands and when in the interior of these 
saccular structures engorge successfully, but in doing so seal their 
doom by becoming too large to pass out through the pores they 
entered. Because the mites were observed several days after 
attachment it could not be definitely determined whether the 
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unengorged larvae had entered one of the mucous pores or had 
penetrated the cells of the skin itself. For over three months 
larvae were found on hosts imbedded under the skin. However, 
in no case did the fully engorged subcutaneous specimens transform 
into nymphs in their positions under the skin. All of these 
observations point to skin penetration as a habit somewhat erratic 
and probably disastrous to the individuals concerned.’ 

The several species of Hannemania, Schéngastia and Trombicula 
which I have had the opportunity of examining were found invariably 
encysted and the cysts embedded in the corium. Close examination 
of the skin over the acarian cysts never exhibited any kind of 
opening, and serial sections of the skin including the cysts, carefully 
and beautifully prepared by Mrs. Parker, invariably showed the 
covering epidermal layer with its glands intact. Therefore, I feel 
unable to accept the twice-told tale of living frogs or toads 
incarcerated for ages in coal, limestone or granite, applied to the 
frog’s mite, nor attribute suicidal tendencies to Acarines, however 
nearly related to scorpions ! 

I have no reason to deny direct penetration through the epidermis, 
subsequently reintegrated, because very probably this is the portal of 
entry, yet I would not ignore the possibility of some other way of 
ingress, as in the case of certain warble flies (Hypoderma bovis, 
H. lineata, etc.) and of several nematode parasites in their larval 
stages. 

Tearing open the frog’s integument, by means of fine needles, 
it is easy to extract the tiny cysts and, from these, to free the 
enclosed mites. As a rule, each cyst contains a single mite, but, 
as I have seen occasionally in cysts containing larval cestodes 
(Hydatigera borreli Sambon), or larval nematodes, so here two or 
more individuals may happen to be enclosed within the same cyst. 

The period of encystment of the species of Trombidiid mites, 
which I have found so far in the skin of various batrachians, seems to 
encompass the entire larval stage. I have found cysts varying 
greatly in size, some quite small containing very young larvae, 
others larger containing moulting larvae, which could be easily 
disrobed of their granulated deutovic skins, and others again 
containing larval forms undergoing nymphal change and showing 
buds or rudiments of the fourth and hindmost pair of legs. 
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Ecdysis was first indicated by the presence of two sets of mouth 
parts in a specimen of Hannemania taken from a cyst embedded in 
the skin of a Bufo variegatus (fig. 4). One of the sets, pushed 
aside and without palpi, obviously belonged to the outer skin about 
to be discarded ; the other, in its normal position and with palpi 
and mandibles folded down and forward, pertained to the moulting 
larva within. 


TERZI~ 


Fic. 4. Hannemania edwardsi n.sp. a.—larval form in process of moulting, ventral view; 
b.—cast off rostrum, without palpi; c.—stigmatic opening between Ist and 2nd coxae. 


Change from larval to nymphal stage was indicated by the 
appearance of rudiments of the fourth pair of legs on specimens of 
Hannemania taken from cysts embedded in the skin of a Pleurodema 
bufonina (fig. 5). Acarines in this stage, with mere buds of the 
fourth pair of legs, so far as I know, have not been described 
previously except once, in 1847, by Dr. George J. Allman, when he 
published his Halaracne halichoeri, an interesting new species and 
genus of endoparasitic Gamasid with greatly elongated body found 
by Dr. O’Brien Bellingham in great numbers in the posterior nares 
of an Atlantic Grey Seal (Halichoerus gryphus), taken off the Dublin 
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coast. Dr. Allman described not only the adult females of this 
seal mite, but also the larval forms and among the latter found 
specimens undergoing nymphal development and showing rudiments 
of the fourth pair of legs. He gave an excellent picture of these 
young forms and wrote: ‘ Though but three pairs of legs are visible 
externally, yet the fourth or posterior pair which becomes developed 
in the adult exists in the larva in a rudimental condition. It may 
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Fic. 5. Hannemania hobdayi n.sp. Young form passing from larval to nymphal stage and 
showing rudiments of 4th pair of legs, ventral view. 


with some care be detected, confined as yet beneath the integument, 
and presenting the appearance of a pair of conical organs diverging 
at first as they pass backwards and then turning forwards and 
inwards. The muscular fasciculi may already be seen with their 
fibres assuming a spiral arrangement in the interior of the rudimental 
limb ’ (Annals and Magazine of Natural History, Vol. XX, pp. 47-52). 
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TYPHUS AND TROMBICULA AKAMUSHI IN FORMOSA 


In 1914, Juro Hatori had the opportunity of studying typhus in 
Formosa, while acting as Chief Medical Officer in the campaign 
against the Taroko ‘ head-hunters ’ of East Formosa. He met it in 
the Mokkui Valley, where it had been noticed already by Japanese 
physicians, in 1908. It was called ‘ Mokkui fever ’ or ‘ Batran fever,’ 
from the name of a savage tribe, or again, ‘ Horin fever,’ from the 
village of Horin, which stands at the very portal of the virgin forest. 
Hatori proposed to call it ‘ exanthematous bubonic fever’ because, 
as in the case of Japanese river fever, it is accompanied by swelling 
of the lymphatic glands. 

The disease makes its appearance in April and persists till July, 
then it declines for a while, only to rise again in October and finally 
subside in November. It attacks sugar-cane planters, and especially 
the camphor collectors, the wood-choppers, the charcoal burners 
and other people who work in the forest. At first it was believed 
to be limited to the Karenko district of Eastern Formosa, but now 
it is known to prevail in other localities throughout the island, being 
limited to riverine districts and more particularly to flat or sloping 
ground covered with thick forest. 

Dr. Hatori had no difficulty in finding the tiny red mites which 
transmit the disease in Formosa from rodent to man, since they were 
already well known to the natives, the Formosan Ami aborigines, 
who called them ‘ patau.’ These acarians proved to be identical 
with the Japanese river fever vector (Tvombicula akamusht), and 
were collected from various local rodents such as A podemus agrarius, 
Rattus rattus rufescens (the island house-rat), Rattus norvegicus, 
Mus musculus and the Common Musk Shrew (Pachyura murina L.). 


TYPHUS AND ‘HARVEST-MITES’ IN SUMATRA 


In 1909, Dr. W. Schiiffner described, under the name of ‘ Pseudo- 
Typhus,’ a typhus-like disease he had observed the previous year in 
Sumatra. The disease was preceded by an initial lesion in the 
shape of a small area of dermal necrosis in some part of the body, 
usually the groin, arm-pit or neck, accompanied by swelling of the 
proximal lymphatic glands. 
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The disease may occur at any season, but is seen more frequently 
from June to August and from November to January. It attacks 
labourers working in the rubber estates, more especially in those 
placed on high altitudes and in the neighbourhood of old jungle. 
It was found that the said labourers were attacked by minute 
red mites, to the bite of which were ascribed the initial lesions 
of the disease, and Dr. Schiiffner sent specimens of two different 
acarians, collected on the patients, to Professor Nuttall, for determina- 
tion, and was informed that one was the larva of a Trombidiid, the 
other a Cheyletus, both of undetermined species. 

In 1922, Drs. E. W. Walch and N. C. Keukenschrijver studied 
an epidemic of the disease which reached its summit between May 
and June, 1923. Owing toa big slump in the rubber trade, the young 
rubber estates had not been cleaned up sufficiently and were over- 
run with blukar and reeds (Imperata sp.), among which swarms of 
rats had built their nests. The coolies employed in thinning the 
estates from the growths were the very men who contracted the 
disease. 

Dr. Walch mentions and figures no less than nine species of 
Trombidiid larvae affecting man and animals in the island. Six of 
these were found on man. The species enumerated are Tvombicula 
deliensis, T. keukenschrijvert, T. vara, T. oudemansi, T. schiiffnert, 
T.muris. The three last, because of the peculiar club shape of their 
pseudostigmatic organs, should, according to Oudemans, bear the 
generic name Schéngastia which, for the present, I prefer to retain. 

Walch considers Trombicula deliensis the true carrier of the 
disease, because it is closely allied to Tvombicula akamushi, coincident 
in distribution with the malady and occurring on both man and rat. 
He believes Schéngastia schiiffneri also may be a carrier, and holds 
Trombicula keukenschrijvert under suspicion. 

Among the Sumatran hosts of Tvombicula are Rattus diardi, 
R. concolor and many other mammals, such as cat, goat, and gibbon 
(Symphalangus syndactylus), also various birds. The Lark-heeled 
Cuckoos (Centropodinae), which inhabit thick bush and spend much 
of their time on the ground, are specially liable to infestation, and 
Hatori incriminates Centropus javanicus as an important disseminator 
of the disease-inoculating mite. 

When the Italian acarologist, Antonio Berlese, wrote his 
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well-known paper on the Trombidiidae, he described two species of 
Trombicula from Java, T. mediocris and T. minor. Dr. Miyajima 
considers 7. minor to be the nymphal form of T. mediocris, and 
Hatori found this species in Formosa associated with the local 
form of typhus. 


TYPHUS AND PROBABLE TYPHUS VECTORS IN AUSTRALIA 


In 1910, Mr. Oliver Smithson, F.R.C.S. (Jour. Trop. Med. & Hyg., 
p. 351) drew attention to a peculiar exanthematic fever which he 
had the opportunity of observing in the District of Mossman (near 
Port Douglas), North Queensland. The disease was characterised 
by sudden onset, severe headache, enlargement of the axillary and, 
more rarely, the inguinal lymphatic glands, a maculated rash and 
a temperature rising within a few hours to 102°, 103° or even 105° 
and dropping more or less rapidly at the end of the second week. 
The death rate was low and recovery easy. 

Sugar planting is the chief industry in the Mossman district 
and the fever affected cane-cutters almost exclusively. The planters 
themselves and the men employed in the crushing mills escaped 
almost invariably. The disease was unknown in Port Douglas, 
but Dr. Clark had reported it from Mount Molloy, a mining district 
over the coastal range. In the Mossman district it was confounded 
with filariasis and erroneously called ‘ filarial fever,’ whilst in that 
of Mount Molloy it was known by the more appropriate name of 
‘scrub-fever ’’; Smithson suggested calling it “ Mossman-fever.’ 

In 1914, in the Medical Journal of Australia, October 24, appeared 
a paper by A. Breinl, H. Priestley, and J. W. Fielding, ‘ On the 
occurrence and pathology of endemic glandular fever, a specific fever, 
occurring in the Mossman district, North Queensland,’ which, as the 
authors stated, was mainly a summary of a detailed account of the 
disease prepared by Dr. Clarke and appended to the Report of the 
Commissioner of Public Health of Queensland for 1913. 

We are told that the Mossman district was first opened to 
Europeans in or about 1877, when timber-getters settled along the 
Daintree River twelve miles north of the present township of 
Mossman. Shortly after their arrival cases of the disease began to 
occur. The malady was well known to the aborigines who had 
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suffered from it long before the advent of Europeans. It prevailed 
endemically between the coastal range of mountains and the sea 
beach, within a limited area extending about eighteen miles to the 
south and thirty to the north of Mossman township, but sporadic 
cases had been met with at Mount Molloy and Mount Carbine 
(west of Mossman, over the coastal range) and at Maytown and 
Bloomfield, near Cooktown. The majority of cases came from 
certain well-defined localities situated, as a rule, near to dense 
scrub country and the patients were chiefly cane-cutters, or men who 
had worked in dense scrub. The disease attacked indifferently 
Australian aborigines, natives of the Pacific Islands, Asiatics and 
Europeans; it affected male adults far more than women and 
children. Out of 715 cases recorded during six years only 43 were 
females. The disease was not directly contagious ; it never spread 
to other patients nor to any of the staff of the Port Douglas Hospital 
to which cases were admitted repeatedly without any precaution 
being taken to prevent infection. Bed-bugs and lice were of rare 
occurrence, but a certain analogy with bubonic plague had suggested 
that, possibly, some animal might be concerned and some blood- 
sucking arthropod vector was suspected. The only wild animals 
of general distribution were murids and these, at times, were very 
numerous in the cane-fields. 

In 1922, at a meeting of the South Australian Branch of the 
British Medical Association held July 28th, 1g21, in Adelaide, 
Frank S. Hone, B.A., M.B., B.Sc., reported a series of cases of an 
exanthematous fever, resembling so-called Brill’s disease (Typhus 
fever), which had occurred in and around Adelaide since 1918. 
The disease had attacked males exclusively and practically all 
patients, in one or other way, had been in contact with stacks of 
wheat heavily infested by weevils. The wheat-lumpers themselves 
had given the distemper the name of ‘ wheat disease’ and though 
Mr. Lea, the museum entomologist, scouted the idea of weevils 
playing any part in conveying disease, the stacks of weevily wheat 
were looked upon generally with suspicion and rightly so, because 
they were swarming with mice. Indeed, children were frequently 
brought to the medical men of Port Adelaide suffering from 
an acarodermatitis popularly termed ‘ mouse sores.’ 

Later, W. M. Strong, Chief Medical Officer of Port Moresby, 


96 


Papua, wrote to the Medical Journal of Australia (18th February, 
1922), suggesting the ‘ grain-mite’ (Pediculotdes ventricosus) as the 
possible offender. The suggestion was plausible, because we know 
that Pediculoides is predatory and parasitic on the soft-bodied larvae 
of weevils, moths and other insects infesting wheat and that it 
readily attacks man and animals coming in contact with such 
grain and gives rise to severe itching followed by erythematous 
spots which, becoming vesicopapular, simulate varicella, or rather 
a microvaricella, the vesicles being small and usually limited to the 
trunk and limbs. The scattered nature of the Adelaide cases and the 
fact that no two cases had occurred in the same household strongly 
indicated transmission by some kind of insect or acarian. 

Professor J. B. Cleland pertinently remarked that, in his opinion, 
the disease would prove to be not true typhus, but a member of 
that group of Rickettsia diseases to which typhus and the Rocky 
Mountain spotted fever belonged. 

A further series of cases, closely resembling typhus fever, was 
published on the 21st of April, 1923, in the Medical Journal of 
Australia. | 

The cases previously published had occurred in the Port Adelaide 
district. The recent cases, twenty in number, were distributed as 
follows: five within the boundaries of the city of Adelaide, two in 
East Adelaide and one in each of the following localities : Nailsworth, 
Medindie, North Adelaide, Unley, Keswick and Bowden, and six at 
Hindmarsh (five of which in one cluster). Yet no further cases had 
occurred at Port Adelaide district since April, 1919. With regard 
to season, the cases seemed to be fairly evenly distributed throughout 
the year, though probably larger numbers would show a prevalence 
during late summer and autumn. The majority of patients were 
male adults. Out of twenty cases, seven had been of the female sex, 
but three of these belonged to the Hindmarsh group of five cases. 
No evidence of transmission by body lice could be found and only in 
one case were head lice recorded. The apparent connection with 
weevil-infested wheat seemed to have broken down, yet the occupa- 
tion of some of the patients, such as baker, grain merchant and 
saloon keeper, still pointed to some connection with wheat or grain, 
and it is interesting to note that the five cases of the Hindmarsh 
cluster occupied adjacent houses in close proximity to a bakery. 
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In the latter group it would have been unreasonable to suggest 
direct contagion which had failed everywhere else, whilst the 
agency of some intermediate factor on the premises seemed likely. 

In 1926, in the Australian Medical Journal (March 6th), F. T. 
Wheatland, M.B., B.Sc., in a paper entitled ‘A Fever resembling 
a mild form of Typhus fever,’ states that towards the end of May 
and the beginning of June, 1925, several patients were admitted to 
the Toowoomba Hospital with a diagnosis of typhoid or para- 
typhoid fever. Many of these cases came from places outside 
Toowoomba, only four were residents of Toowoomba. Cases 
occurred at Kingsthorpe, Oakey, Jondaryan, Dalby, Anbigney, 
Drayton, Westbrook, Wyreema, Pittsworth, Brookstead, Milmerran, 
Tummaville, Greenmount, Clifton, Rossvale, Athol, Rocky Creek, 
Wellcamp, and Mount Evelyn. Some came from Warwick. These 
places, all within about a fifty-mile radius west and south of 
Toowoomba, vary in altitude between 1,100 to over 2,000 feet above 
sea-level. The patients were of both sexes, but, of thirty-eight 
admitted to the Toowoomba and Saint Vincent Hospitals, twenty- 
eight were males and ten females. The youngest patient was a boy 
seven years of age. The disease was not directly contagious, it was 
exceptional for more than one case to occur in a house. The 
death-rate was low, only about two per cent. 

Since early in the year, swarms of mice had infested the farms 
of the Toowoomba district. As many as 20,000 mice had been 
caught on a single farm in one night! At about the time when 
cases of the disease first came under notice mice had commenced 
to die off in large numbers. Owing to the apparent connection 
between the exanthematous malady and the dead and dying mice 
the disease was spoken of in the district as ‘ mouse fever.’ The 
majority of male patients had been farmers on whose land mice 
had been exceedingly prevalent. Of the other male cases two were 
labourers employed by the Wheat Board in handling wheat infested 
by mice; one was a schoolboy who lived at a farm and worked 
amongst mouse-infested chaff; two were men employed at the 
Malt House in Toowoomba, where they handled grain sent from the 
country in railway trucks swarming with mice ; one was a boundary 
rider whose residence was overrun with mice, and the last was 
a horse-trainer whose house also was infested with mice. Of ten 
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female cases, nine came from farming districts and all told the 
same story of mouse-infestation at their homes ; the tenth, a school- 
girl, was the only one in which there seemed to have been no direct 
contact with mice. 


TYPHUS IN INDO-CHINA 


There are several references in medical literature to a typhus-like 
disease occurring in the Indo-China Peninsula. Thus, Breton and 
Danguy des Déserts, in 1876, independently mention, under the 
name of ‘ Fiévre des bois,’ a disease occurring in Anam, and 
resembling typhus. This disease is again referred to, later, by 
Lagrange and Noc, and Gantron reported two cases seen at the 
Saigon Military Hospital, in 1914 (Bull. Soc. Med. Chir. Indo-China, 
Vol. VI, p. 108). Finally, Dr. Dowden reported a case of eruptive 
fever, like Japanese river fever, from the Federated Malay States 
(see Indian Med. Gaz., Vol. L, p. 208). 


‘SANJAR’ AND ‘MAHAMARI’ IN HIMALAYA. 


‘ The districts bordering on the great north-western desert,’ writes Dr. Bryden, 
in his Statistical Report of 1878, ‘ are the endemic home of Indian typhus in its 
various forms, Pahlunpore and Guzerat, Pali and Marwar, the districts lying 
west of Delhi, Ferozepore, Sirsa, and the trans-Indus tracts, have all been ravaged 
by typhus in an epidemic form several times within the past sixty years.’ 

‘ These typhus periods,’ says Dr. F. N. Macnamara (1880), ‘ have been charac- 
terised by the prevalence of differing varieties of contagious fevers, such as relapsing 
typhus which has prevailed in every period, and has been the mainstay of the 
epidemic ; continued yellow typhus ; buboe typhus, characterised by buboes and 
other glandular swellings, the ‘‘ Mahamurree ” of the Himalayas ; and the variety 
in which the force of the typhus is thrown on the lungs and is marked by profuse 
haemoptysis, epistaxis, and vomiting of dark grumous coffee-coloured blood.’ 

At the First Indian Medical Congress held in Calcutta, December, 1894, Surgeon- 
Captain L. J. Pisani read a paper on typhus outbreaks observed by him in 
the Peshawar District, in 1888, and in Baluchistan in 1891. The pyrexia, in non- 
fatal cases, lasted from fourteen to nineteen days ; it was of a continued type and 
was accompanied by a distinct measly purple rash, Delirium of a low kind was 
present accompanied as a rule by great prostration, and more or less unconsciousness. 
Evidence of contagion could not be established in all cases. Other two papers on 
typhus were read, one by Surgeon-Captain W. Vost, the other by Surgeon-Captain 
H. Hendley. Vost pointed out that the disease was endemic in some of the hilly 
districts of the North-West Frontier of India, and Hendley mentioned the epidemics 
he had had the opportunity of observing in the Peshwar Valley, in 1891-92. The 
villages first attacked were on non-irrigated high-lying ground overlooking the 
valley, and the disease occurred in clusters in each village, as though it had spread 
from distinct foci. 
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Typhus appeared to be endemic in the lower Himalayan ranges and the colder 
the season, the greater its virulence and the more extensive its spread into the 
valleys. A wet season also seemed to have the effect of increasing the range of the 
disease. 

At the same Congress, Brigade-Surgeon Lieut.-Colonel G. Hutcheson read a 
paper on ‘ Mahamari,’ or ‘ great plague,’ a disease of the districts of Kumaon and 
Garhwal, variously considered to be bubonic plague by some, typhus by others. 
The earliest record of mahamari in the hill tracts is found in a report, 
dated 25th April, 1836, by Mr. Gowan, the Commissioner of Kumaon, in which 
it is stated that the disease first appeared at Kedarnath, in 1823. 

In 1834-35 the outbreak of mahamari in the parganas of Nagpur and Badhan 
Garhwal was preceded by a great mortality among rats. The disease was charac- 
terised, it is stated, by fever terminating fatally in two, three, or four days, and was 
associated with buboes or swellings. 

During 1837, mahamari was alarmingly prevalent in the pargana of Badhan along 
the upper reaches of the Pindar River, and in 1846-47 it appeared at the sources of the 
Ramganga, and swept away almost entirely the population of Sarkot, a village situated 
at 7,000 feet above sea level, on an easterly spur of the great mountain Duder Katoli, 
in patti Lobha. In 1847 it attacked a village placed among the coniferous forests 
of the Siyahi Devi range, about fifteen miles west of Almora. During the rainy 
season of 1849, mahamari broke out with great virulence in patti Chaprakot, pargana 
Chadpur, and proved very fatal in the villages of Marora and Dadoli. The Senior 
Assistant Commissioner of Garhwal, Mr. (later Sir) Strachey, wrote: ‘ For about 
thirty years past there has existed in Kumaon and Garhwal a disease known by the 
local name of mahamari, apparently identical with the plague of Syria and Egypt, 
the characteristic symptoms being violent fever of the most contagious nature, 
always accompanied with swellings in the armpit, the disease ordinarily seeming 
to reach its crisis on the third day.’ . 

On the gth of May, 1850, Dr. Renny was sent to investigate the disease at 
Dadoli village, patti Chaprakot. He saw two cases on the toth and two more on the 
13th. He described the malady as ‘ an infectious fever of a malignant kind and of 
a typhus character, accompanied by glandular tumours, and generally terminating 
in death in three or four days.’ 

Mahamari was again prevalent in 1851, and in a joint report, dated 1st December, 
1851, Dr. Pearson and Sub-Assistant Surgeon Sri Nath Mukerji, described the 
disease as ‘a typhus fever of contagious and infectious type.’ In a subsequent 
report, however, dated 17th May, 1852, these officers, after further observations in 
April and May, came to the conclusion that the disease was plague, associated with 
characteristic glandular swellings and distinctly contagious in its nature. 

The disease prevailed in Kashipur early in 1853, and lingered in the Moradabad 
district till 1854. Dr. Steven, Civil Surgeon of the district of Moradabad, reported 
that the distemper, characterised by high fever and swelling of the glands of the 
groin or armpit, prevailed in Rampur also and that about 8,000 deaths had occurred. 
He concluded that ‘ mahamari is identical with the uncomplicated or simple form of 
glandular plague as found in Egypt.’ 

In September, 1859, mahamari again broke out in the northern parganas of the 
hill tracts, and in 1860 it was noted that close upon 1,000 persons had died of the 
disease. 

An outbreak occurred at Sarkot on the 2zoth of September, 1870, and continued 
till the 9th of November. 

In November and December, 1876, mahamari prevailed in certain villages in 
Kumaon and at Balt and Bintola, within four miles of Almora and five of Ranikhet. 
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Dr. Planck inspected no less than forty villages affected by the disease, recorded 
291 cases with 277 deaths (a mortality of 95 per cent.) and asserted that the disease 
was plague. It continued more or less throughout the year 1884, in the Kumaon 
Division, In 1885, Dr. Richardson visited certain villages where it occurred and 
reported that the disease he saw was identical with typhus fever. In 1886, he again 
reported cases of typhus from villages in patti Giwar, pargana Pali, and from Seri 
Danpur, whilst others occurred in Garhwal. He was supported by Dr. Thomson 
who, in his report, dated 13th June, 1888, stated that the disease variously called 
‘mahamari,’ ‘ gola,’ ‘ phutkiya’ or ‘ hill plague,’ was a severe type of highly con- 
tagious typhus bred and fostered in filth. 

At the end of his paper on ‘ Mahamari,’ Dr. Hutcheon describes two limited, 
but associated, outbreaks which occurred in July and September, 1893, in the 
mauzas or hamlets of Surkali and Suni (patti Nakori, pargana Danpur), a few miles 
off the Bageswar-Berenag road, 

The first outbreak occurred on the 8th July ; the second on the 13th September. 
The affected families, in both outbreaks, occupied houses situated in a wide, gently 
sloping valley, at an elevation of about 6,000 feet above sea level. ‘The houses were 
dotted round the upper margin of an extensively cultivated terraced area, and 
formed no assemblage that could be called a village. 

The families affected were comparatively easy ; poverty or destitution had 
nothing to do with the outbreaks. The site and natural surroundings of the 
dwellings were exceptionally healthy. There had been a great mortality among rats 
and mice and the inhabitants of Barkuri, separated from Surkali by a spur of hill, 
having vacated their village on the 22nd July, escaped the disease which had attacked 
Surkali and other neighbouring hamlets. 

In 1894 cases occurred at Ira, patti Chaprakot, Garhwal and at Gadoli, patti 
Daijuli, pargana Chandpur, and Dr. Giles was of opinion that they were cases of 
‘famine fever’ (typhus). 

In 1921 (see Indian Medical Gazette) Dr. J. W. D. Megaw reported the 
occurrence of typhus in Bhim Tal and Sat Tal, two small hill stations, at a height of 
about 4,500 feet, near Naini Tal, in the Kumaon Division. Fifteen cases (including 
eight Europeans) occurred at Sat Tal, and twenty-one (including four Europeans) 
at Bhim Tal, in the course of two years, 1912-1963. This typhus outbreak had been 
preceded by a small epidemic of relapsing fever. Dr. Megaw pointed out that 
typhus is endemic in Kumaon and strictly confined to certain localities. As a rule, 
it is mild and called ‘ jahr,’ but occasionally it assumes a virulent type and then it is 
termed ‘sunjahr.’? In Sat Tal there were only eight cottages, in every one of 
which one or more cases had occurred, ‘These cottages were situated in dense 
jungle, each having only a very small clearing round it. The residents were thus 
brought into close association with the jungle beasts and their ectoparasites. In 
Bhim Tal one part of the station consisted of cottages scattered through dense 
jungle, the other of houses situated on cleared land; the disease occurred in the 
juugly part. Naini Tal is a much larger and better developed health resort ; 
it remained entirely free from the disease. In the affected stations there was no 
evidence of louse infestation, but Dr. Megaw very reasonably suspected transmission 
by ticks; he attributed his own case to tick-bite and was inclined to incriminate 
Ornithodoros savigni, an argaside which is known to attack beast and man and is 
common in some of the third-class waiting sheds on the South Indian Railway. In 
the British Museum (Natural History) I have had the opportunity of examining 
specimens of Ornithodoros savigni collected in 1926 from the waiting sheds at ‘T'ajpur, 
near Ujjain, Rajputana. 

The historical evidence thus briefly sketched, when viewed in the light of present - 
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day knowledge, shows, I believe, quite clearly, that several diseases, frequently con- 
founded in the past, prevailed with varying intensity, sometimes singly, more 
often concurrently, in the Himalayan region. Among them relapsing fever, typhus 
and plague predominate. Relapsing fever and typhus are frequently associated, 
their epidemic outbursts occur more often, but plague is by far the deadlier and, 
certainly, the greater wanderer. That some of the Medical Officers appointed 
to investigate met with outbreaks of typhus, while others had to deal 
with plague is now obvious and explains the differences of opinion expressed in the 
various reports, but at times both diseases occurred simultaneously and, no doubt, 
relapsing fever and other complicating maladies frequently added to the obscurity 
of the picture. Nature’s book is trueness, but its pages are not always as easy to read 
as those of school manuals. 

What happened in the past will recur certainly again and again, because condi- 
tions to-day are exactly the same as they were a century ago and, indeed, many 
centuries prior thereto. Ecological conditions have not changed in any appreciable 
way. ‘The Himalayan region still bears its snowy peaks, its forests of conifers and 
broad-leaved trees, its alpine meadows, its innumerable ravines, its torrents with 
dense shrubby growth on the banks, its tiers of agricultural terraces, its mountain 
hamlets built at the very edge of precipitous rocks, its animals and birds of prey, its 
pillaging monkeys and last, but not least, its flying squirrels and marmots, its voles, 
rats and mice, all of which are potential reservoirs of plague, relapsing fever and 


typhus. 


TYPHUS AND ITS ACARIAN VECTOR IN MEXICO 


Typhus has been known to the Mexicans from time immemorial, 
on account of the deadly epidemics which have frequently ravaged 
the basin valleys of their mountainous country. 

Humboldt, in his ‘ Political Essay on New Spain’ (Vol. I, p. 117), 
says: ‘ The Matlalzahuatl, a disease peculiar to the Indian race, 
seldom appears more than once ina century. It raged with special 
violence, in 1545, 1576 and 1706.’ Further, he says: ‘ We have no 
exact records as to the Matlalzahuatl. It certainly bears some 
analogy to yellow fever or black vomit, but it never attacks white 
people, whether Europeans or half-caste. Men of the Caucasian 
race do not seem susceptible to this deadly form of typhus, while, 
on the other hand, yellow fever or black vomit very seldom attacks 
the Mexican native. The domain of the vomito prieto is the coastal 
region, the climate of which is exceedingly hot and damp, but the 
Matlalzahuatl brings terror and death into the very heart of the 
country ; it sweeps the central tableland and reaches the coldest 
and most arid regions of the kingdom.’ 

The Spaniards gave graphic descriptions of the epidemics of 
typhus, a disease which they called ‘ Tabardillo.’ | 
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In his ‘ Monarquia Indiana ’ (1615), best of the early histories of 
Mexico, Juan de Torquemada states that eight hundred thousand 
Indians died of tabardillo in 1545, and about two millions in the 
great epidemic of 1576-77. 

Elsewhere, in his voluminous work, he relates that ‘ During 
Montezuma’s residence among the Spaniards, Alonzo de Ojeda one 
day espied, in an apartment of the royal palace, a number of small 
bags, firmly tied up. Gold dust! thought he, but imagine his 
astonishment when, opening one of them, he found it filled with lice. 
He informed Cortez of his discovery and the latter asked Marina 
(his Indian mistress) and Aguilar for an explanation. They told 
him that the poorest Mexicans, unable to pay proper tribute to their 
monarch, daily cleansed their persons, stored the lice they caught and, 
on the appointed day, laid them in bags at the feet of their sovereign.’ 
This, if true, may have been an extraordinary sanitary measure, 
but Bernal Diaz del Castillo, in his ‘ Historia de la Conquista de 
Nueva Espana ’ (written in 1558, published posthumously in 1632), 
suggests that the bags probably contained Cochineal insects, not lice. 
However, we should not forget that in ‘ Purchas’s Pilgrims’ we are 
assured that ‘ Lice and long worms were sold for food in Mexico.’ 

What strikes me as being of real interest is the Aztec name, 
‘Matlalzahuatl,’ given to the disease by the ancient Mexicans who 
called ‘ Tlalzahuatl’ the acarian (Tvombicula trritans) which transmits 
it in nature. The Spaniards of the sixteenth century translated 
the word ‘ Matlalzahuatl ’ by ‘ sarna en el rebano,’ that is to say : 
‘ the itch or eruption of the flock or crowd,’ or, in other words: ‘ the 
epidemic acarian eruption.’ A like sameness in the name of a 
disease and of its arthropod carrier is repeatedly met with among the 
natives of widely sundered countries. Thus, Koch found the East 
African natives using the word ‘ Mbu’ for both malaria and its 
mosquito vector, and Brumpt states that ‘the Arabic word “‘gurud”’’ 
indicates, among Gallas, Abyssinians and Somalis, both relapsing 
fever and its tick carrier. No doubt, the ancient Mexicans, like 
the ancient Chinese, had discovered the connection existing between 
typhus and Harvest-mite and expressed it by community of name. 

The French, at the time of their Mexican campaign, under 
Napoleon III, in 1861-1866, had the opportunity of studying the 
disease. ‘It presents,’ says Brault, ‘the greatest analogy, one 
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might say complete identity, with the typhus fever of Europe and 
particularly with the typhus of the Crimea, which army surgeons 
studied with the greatest care.’ 

In 1924, Charles G. Sinclair, Major Medical Corps U.S. Army, 
and Kenneth IF. Maxey, Assistant Surgeon, U.S. Pub. H. Serv. 
(‘ Pub. H. Rept., February 6th, 1925,’ p. 241) had the opportunity of 
observing some mild cases of typhus in the lowlands of the Rio 
Grande Valley, during an outbreak of the disease which occurred 
around Rio Grande City, Texas. At Camargo, the nearest Mexican 
town, on the opposite side of the river, inquiry failed to reveal any 
sign of typhus fever. There was little or no evidence of contagion 
because, as a rule, only a single case occurred in a family and, with the 
exception of one child, nine years of age, all the patients were adults. 
Neither presence of lice, nor exposure to pediculoid infection could 
account for the disease in military cases. Moreover, the authors 
pointed out that the ‘clothes louse’ (Pediculus humanus corporis 
De Geer) is seldom found among the Mexicans of the lower Rio 
Grande Valley, though the ‘head louse’ (Pediculus humanus 
humanus L.)iscommon enough. But these Pediculi are only different 
races of a single species (Nuttall, Ewing) which, no doubt, began to 
differentiate when man adopted clothing, with its endless fashions 
and the accompanying depilatory and shaving modes, and both 
varieties are known to be capable of transmitting the typhus virus. 


MITES AS VECTORS OF DISEASE 


It has been suggested that typhus was brought to America 
by the Spaniards ; this tale is as unfounded as that of the importation 
of syphilis from the New to the Old World. In this connection, it 
is well to point out that the Spaniards cannot be accused of having 
introduced lousiness into America, though, no doubt, they did 
exchange their own vermin for the larger American breed. The 
latter, shrewdly collected by Dr. Ewing (1926), from the scalps of 
American Indian mummies (Peruvian and Mexican) of pre-Columbian 
days, bears now the proud name of Pediculus humanus americanus. 

Having shown that Typhus, though everywhere differing in name 
and setting, has a wide zoological range and a world-wide geographical 
distribution, and that its specific agent (a Rickettsia) is conveyed 
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from one vertebrate host to another by means of divers acarians 
and insects, I will endeavour to show that other eruptive fevers also 
have their particular animal hosts and that, no doubt, they, too, are 
transmitted by insects and acarians. 

Hitherto, the part played by acarians in the causation and 
transmission of disease had escaped the notice of physicians almost 
entirely. This, however, is not surprising when we consider the 
excessive minuteness and transparentness of these arthropods which, 
with few exceptions, even to the Zoologist, do not seem to exist. 
As Nathan Banks remarks in his ‘ Review of the Acarina (1915) ’: 
‘ Hidden is this world of mites to the general naturalist as completely 
as though it were in another planet.’ 

Yet, nearly two centuries ago, the great Swedish naturalist, 
Carl Linnaeus, had expressed the opinion that ‘ several diseases are 
caused by mites’ (Systema Naturae, XIIth ed., 1767, Vol. I, para. ii, 
p. 1025). Indeed, in his Amoenstates Acadenucae, Vol. V, p. 94, 
(Holmiae, 1760), in the Dissertation by Johannes C. Nyander, 
entitled ‘ Exanthemata Viva,’ occurs the following passage : ‘ Insecta 
ejusmodi minutissima, forte Acaros diversae speciei causas esse 
diversorum morborum contagiosorum, ab analogia et experientia 
hactenus acquisita, facili credimus negotio.’ 

Nothing could more aptly illustrate the disregard of physicians 
for this important group of pathogenic organisms than the history 
of the Itch-mite, a disease-producing acarian, and a vector of 
secondary infections, well known to Aristotle and Pliny, yet per- 
sistently denied by physicians, though repeatedly re-discovered, 
tunnelling, ‘ mole-like,’ the corneous layer of the skin and giving 
rise to intense itchiness in evidence of its presence. Among the 
many who, at different periods, re-discovered the psoric acarus, 
I need but mention ‘ The Wise and Illustrious,’ Avenzoar (1140), 
the two great French surgeons, Guy de Chauliac (1363) and Ambroise 
Paré (1573), the English physician and naturalist, Thomas Mouffet 
(1634), Scaliger of Leyden (1557), Laurent Joubert (1577), 
Hauptmann (1637), Giuseppe Laurenzio (1664), the Leghorn apothe- 
cary, Giovan Cosimo Bonomo (1687), Richard Mead (1702), Johannes 
Nysander (1757), the Spanish physician and naturalist, Gaspar Casal 
(1762), the famous Hanoverian practitioner, Johann Ernst Wichmann 
(1786) and the Corsican student, Francesco Renuccio, who in 1834, 
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hearing the existence of the mite denied at the Saint Louis Hospital in 
Paris, proposed to show it forthwith, and extracted it from 
the epidermis of a scabby patient with the point of a needle, 
as he had seen the peasant women of his country do many a 
time. 

Adverse circumstances having prevented, for a time, the continua- 
tion of my field investigations on the epidemiology and ecology of 
cancer initiated four years ago, I resorted to the British Museum 
(Natural History) to complete a monograph on the Linguatulidae 
and acquire information on other Acarine groups which might be of 
value to me in my cancer work. Mr. Hirst, the Museum Acarologist, 
having left for reasons of health, I had the opportunity of examining 
all ticks and mites sent to the Museum for determination. The three 
acarological papers published in this issue of the ANNALS, and several 
more to follow in other scientific periodicals, are the result of short 
spasmodic spells of work in the ‘ Old Spirit Building ’ of the Natural 
History Museum. 

Among a number of new species and genera of Ticks and Mites 
from various parts of the world, and more especially of genera 
attacking Reptiles and Batrachians, such as A ponomma, Amblyomma, 
Ophionyssus, Sauronyssus (nov. gen.), Entonyssus, Ixodorhynchus 
and Ophiopies (nov. gen.), Trombicula, Hannemania and Schéngastia, 
I had the opportunity of examining many well-known species of 
acarians infesting our domesticated animals or attacking the wild 
mammals and birds which come more or less in contact with man as, 
for instance, House Mouse and House Sparrow, Sewer Rat, Vole, 
Starling, Swift and Pigeon. Thus, from English house, stable and 
garden, in town and country, I received specimens of Ixodes ricinus, 
Trombicula autumnalts, Allothrombium fuliginosum, Trombidium 
holosericeum, Cheyletus eruditus, Psorergates simplex, Dermanyssus 
gallinae, D. hirundinis, Ormithonyssus (new name for Letognathus 
preoccupied) syluiarum, Haemogamasus oudemansi, Laelaps hilaris, 
Eulaelaps stabularis, Pediculoides ventricosus, Notoedres muris, 
Glycyphagus domesticus and Tyroglyphus farinae. 

On one occasion, a lady sent a pill-box containing specimens of 
Dermanyssus hirundimis found in her bedroom at the back of a 
picture-frame. She had been molested at night and suspected those 
‘flat, detestable laundry-insects.’ But, some months before, a 
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martin’s nest had been removed from above her bedroom window 
and the evicted acarians had taken refuge in her sanctum. 

Twice I received specimens of Haemogamasus oudemansi collected 
in living rooms. Once from a house in Croydon invaded by sewer 
rats ; the second time from a North London house, after the introduc- 
tion of furniture from a depository probably infested with rats. 

A striking case was that of the London Hospital. Specimens of 
Dermanyssus gallinae had been sent for determination. I visited the 
Hospital and found that the nurses’ rooms, on the top floor, had 
been invaded by prodigious multitudes of mites which the nurses 
described as ‘ living sand’ and ‘ animated pollen’ flowing in at the 
windows and sweeping over furniture and bed-clothes where they 
could be seen in their myriads like moving dust. The mites came 
from pigeons that nested about the roof. 

Together with Lord Northcot and Mr. Morris, I examined one of 
the pigeon nests taken out of the funnelled top of a rain-pipe. The 
nest was but a lattice platform made of bits of bent wire woven with 
twigs of privet, birch and Virginia creeper, covered over with a thick 
layer of guano in which was embedded the withered corpse of a squab 
pigeon. The excrement layer swarmed with poultry mites in all 
stages of development. It contained, moreover, specimens of the 
Common Woodlouse (Porcellio scaber) and the larvae and imagines of 
two insects : a small Spider-beetle (Ptinus tectus) and a moth (Bork- 
hausenia pseudospretella). The tiny beetle, like other species of the 
same genus (Ptinus fur, P. latro, P. brunneus) is known to occur in 
dove-cots and henneries. The moth also is a scavenger, in its larval 
stage, and is known to frequent poultry houses and pigeon lofts. 

Hirst has described several new species of Gamasid mites found 
on rats (Rattus ratius, R. norvegicus) frequenting human habitations ; 
they are known to attack man and, therefore, ‘ in view of the possi- 
bility that some of them might convey plague or leprosy to human 
beings,’ he suggests that special attention be directed in future to 
their habits and distribution. I would mention particularly Lezog- 
nathus bacoti Hirst, 1913, later called Liponyssus bacoti, which 
belongs neither to Canestrini’s genus Letognathus nor to Kolenati’s 
genus Liponyssus, but, as pointed out by Hirst, resembles most a 
lizard mite, Leiognathus saurarum Oudemans, for which latter I am 
proposing the new genus Sauronyssus. Hirst’s ‘ Liponyssus ’ bacoti 
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has been found repeatedly on human beings and on the walls of 
shops, factories and living rooms in Egypt, South Africa, and 
Australia. 

In 1915, Hirst described, from Indian and African fowls, a 
Leiognathus morsitans which he soon recognised to be the same 
as Letognathus bursa Berlese, 1888, and, probably, only a variety of 
Letognathus syluiarum Canestrini and Fanzago, 1877. This Ornitho- 
nyssus iS a serious pest to poultry, especially in tropical and sub- 
tropical countries, and attacks man with avidity. 

Both Dermanyssus gallinae and Ornithonyssus sylviarum are known 
to be carriers of fowl spirochaetosis (Meyer, Gerlach), but I suspect 
their economic importance to be far greater. 

In the CVth surat, or chapter, of the Koran, we read: ‘ Hast thou 
not seen how the Lord dealt with the master of the Elephant? Did he 
not make their treacherous design an occasion of drawing them into 
error ; and send against them flocks of birds, which cast down upon 
them stones of baked clay ; and render them like the leaves of corn 
eaten by cattle ?”’ 

This passage refers to the ‘ Elephant War,’ when, about 570 A.D., 
Abraha Ibn al Sabah, nicknamed the ‘ slit-nosed,’ set out against 
Mecca, at the head of a large army preceded by Nubian war-elephants. 
In the second year of the siege of Mecca, the Abyssinian host was 
annihilated by an epidemic of small-pox, a disease which, according 
to Al Masudi (see ‘Meadows of Gold and Mines of Gems,’ 
tenth century), appeared that year for the first time in Arabia. 
The Arab chroniclers state that, suddenly, a large flock of swallow- 
like birds came whirling from the sea-coast, carrying pea-sized 
pebbles in their claws and beaks and with them pelted Abraha’s men, 
killing every one they struck. 

Bruce of Kinnaird (‘ Travels to discover the Sources of the Nile,’ 
1790, Vol I, p. 516), who read El-Hamisy’s account, in the Amnals of 
Abyssima, at Massowa, reports that the strange birds had ‘lion- 
faces ’ and were called ‘ Ababil,’ which is the Persian name for small- 
pox. 

The interest of the account lies in the association of variola with 
birds, and the latter probably were Swifts (Cypselidae), because 
Swifts outwardly resemble swallows and arrive suddenly in such 
numbers that, in one day, the land is full of them. Their large head, 
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short beak and wide gape may have suggested the ‘ lion-faced ’ 
diction. On consulting Baker’s volume on Birds, in ‘ The Fauna of 
British India ’ (1927), I found that ‘ Ababil ’ is one of the vernacular 
names given in India to Swift and Swallow. 

The pea-sized pebbles, thrown by the birds, obviously symbolise 
the small-pox pustules which stud the integument of bird and man 

‘as with gems enchased ’ and, indeed, these pustules are called in 
Arabic by a word which means ‘ small stones.’ However, ‘ swallow- 
stones ’ may well be a reality. They are said to be the opercula of 
small operculate Gasteropods which have traversed the bird’s ali- 
mentary canal, and, at one time, great value was set upon their 
medicinal virtues. Swifts, like swallows, are known to be essentially 
insectivorous, but I see no reason why they should not occasionally 
feed on small mollusca just as thrushes, blackbirds and titmice do, 
breaking the shells by repeated strokes against a stone or by taking 
them up in the air and letting them fall on the hard ground. 
Dr. Lebour (‘ The Zoologist,’ 1866, p. 523) says: ‘ In Brittany there 
exists a wide-spread belief among the peasantry that certain stones 
found in swallows’ nests are sovereign cures for certain diseases of 
the eye. . .. I had the good fortune to see some of these swallow- 
stones,’ and to examine them. I found them to be the hard, 
polished calcareous opercula of some species of Turbo, and although 
their worn state precludes the idea of identifying the species, yet I am 
confident that they belong to no European Turbo.’ Aristotle and 
Pliny mention them; Pliny says: ‘In ventre hirundinum pullus 
lapilli candido aut rubenti colore, qui “ chelidonii’’ vocantur, 
magicis narrati artibus reperiuntur.’ 

For nearly three decades I have suspected that birds and 
their ectoparasites might play an important, though indirect, 
part in the incidence and natural history of small-pox and 
other eruptive fevers affecting man. The connection between 
avian-pox and human variola is not very obvious, because 
in domestic fowls the disease usually appears in the shape 
of wart-like growths on the comb and wattles, on the face, 
about the eyes, ear openings and nostrils, and in the buccal cavity. 
The nodules vary from the size of a millet seed to that of a lentil, 
and are often so large and numerous on the eyelids as to completely 
close the eyes. They assume a yellowish or reddish-grey colour and 
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a waxy nacreous lustre. Like the pustular lesions of variola, they 
show a central depression or umbilication and, when pressed between 
thumb and finger, exude a whitish cheesy substance. Histologically, 
the lesion consists of a proliferation of the epithelium involving the 
Malpighian layer and producing cell nests surrounded by thin 
strands of connective tissue; these cell-nests increase in size by 
multiplication at the periphery, while the centre degenerates, forming 
a necrotic mass which dries into a hard brown scab. The scabs 
retain the virus and may reproduce typical lesions years after. The 
disease is known by the name of ‘ epithelioma contagiosum ’ and, 
indeed, histologically, the cutaneous lesions resemble in appearance 
true epithelioma. 

Bird-pox is not invariably limited to the head ; in pigeons and 
other birds, the eruption occurs also on the feathered parts of the 
body, extending to neck, chest, thighs, rump, abdomen and cloacal 
region. The disease is found in all countries where fowls are kept, and 
has been reported from gallinaceous, passerine and duck-like birds. 
I have seen it on the wattles of the ordinary Guinea Fowl (Numida 
meleagris). 

Epithelioma contagiosum is said to be identical with ‘ molluscum 
contagiosum,’ a distemper, in man, characterised by similar pea- 
sized wart-like nodules situated on the face, especially about the 
eyelids, but not infrequently occurring on other parts such as neck, 
breast, arms and genitals. It is pointed out, in evidence, that 
Jiirgens developed the specific lesion on his thumb as the result of 
accidental inoculation with the avian disease. 

There can be no doubt that avian-pox is closely related to the 
several variolas of mammals, such as sheep-pox, with its generalised 
eruption ; equine-pox, the eruption of which, as a rule, is limited 
to the naso-labial mucous membrane (‘ stomatitis pustulosa con- 
tagiosa ’ of the horse), or to the fetlock joints of the hind legs (Jenner’s 
‘grease ’), and bovine-pox confined to the teats and udders of 
milch-cows. 

It is noteworthy, in this connection, that Jenner himself was of 
this opinion. He wrote: ‘Our domestic animals are subject to a 
variety of eruptive diseases—the horse, the cow, the sheep, the hog, 
the dog, and many others. Even poultry come in for their share. 
Again, there certainly must be a reason why the term chicken is 
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annexed to a species of pock which infests the human skin. In the 
province of Bengal the poultry are subject to eruptions like the 
small-pox, which becomes epidemic and kills them by the hundreds.’ 

Ticks, mites (Cnemidocoptes mutans), lice (Mallophaga), mosquitos, 
the Stable Fly (Stomoxys calcitrans) and even ants and cockroaches 
have been incriminated as possible carriers of bird-pox, but more or 
less at random. I would suggest the Poultry Mite (Dermanyssus 
gallinae) and the Blackcap Mite (Ornithonyssus sylviarum) as more 
likely vectors, but one should not forget other possible carriers such as 
fleas (Ceratophyllus gallinae, C. columbae, C. hrundims, Echidnophaga 
gallinaceus) and blood-sucking bugs (Cimex columbarius, C. lectularius, 
Oeciacus hirundinis), all of which bite man readily. 


Several recent writers hold epithelioma contagiosum (bird-pox) to be identical 
with roup (avian diphtheritis) and base their opinion on the supposition that the two 
conditions represent the external and internal manifestations of one morbid process 
induced by a filtrable virus the nature of which is unknown. Both diseases may, and 
often do, occur simultaneously in the one bird, but, side by side, in the same flock, 
we may find birds with pox lesions alone and birds with diphtheritic lesions alone. 
Experimentation has not confirmed the assumption of identity. Moreover, inocula- 
tion of the comb with diphtheritic exudate does not give rise to variolous lesions. 
We know, of course, how frequently two or more parasites of different kinds may 
be found coexisting in the blood or tissues of a single vertebrate host : thus, out of 
four new species of blood-parasites which I described from the Red Grouse (Lagopus 
scoticus), in 1907, I found no less than three in the blood of one bird. They were 
Haemoproteus mansoni Sambon, 1907, Leucocytozoén lovati Sambon and Seligman, 
1907, and Filaria smithi Sambon, 1907. Again, one invertebrate vector may 
harbour and convey, at the same time, two or more parasites as, for instance, ticks, 
employed experimentally in the transmission of cattle spirochaetosis, have, not 
infrequently, inoculated, simultaneously with Spiroschaudinnia theileri, some 
unexpected species of Babesia. A well-known example is that published by Laveran 
and Vallée in the ‘Comptes rendus des Séances de Académie des Sciences,’ 
June 5th, 1905. 

Like tuberculosis, diphtheritis is a wide-spread distemper, both geographically 
and zoologically. It occurs all the world over in mammals and birds belonging to 
the most diverse orders. Among birds, it is known to occur in gallinaceous and 
passerine birds, in pigeons, parrots and cassowaries. I have seen it in pheasants, 
partridges, fowls, turkeys, pigeons, sparrows and also, for the first time, I believe, in 
the Red Grouse. It is exceedingly common among pigeons, both wild and domestic, 
frequently breaking out in vast and deadly epizootics. No doubt this formidable 
disease played a not unimportant part in the extinction of the American passanger 
pigeon (Ectopistes migratorius), at one time so amazingly abundant that it was fed to 
swine, and that bishops went out to meet the demoniacal flocks of billion birds to 
exorcise them with holy water! A parallel to the extinction of camel and horse in 
their American cradle-lands by Trypanosomiasis, evidence of which are the several 
species of Glossina of the Oligocene epoch preserved by volcanic ashes about 
Florissant, Colorado, 

In 1906, I had the opportunity of investigating a severe epizootic among wood- 
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pigeons, which extended a considerable distance along the Thames Valley. In 
one small wood, near Henley, no fewer than 1,142 dead birds were picked up in 
two days. All had succumbed to the strangling disease. 

The characteristic lesion of diphtheritis in the bird, as in the mammal, including 
man, is the ‘ false membrane’: a layer of exudate which, coagulating, forms a net 
of anastomosing fibrinous threads enmeshing the degenerated outer cells of the 
inflamed mucous membrane. It may be thick, elastic and spongy, or thin and 
brittle, according to the relative proportion of degenerated cells and fibrinous 
exudate. 

At first, the affected part looks reddened and slightly swollen. Soon a thin 
bluish-white deposit appears on its surface. The deposit gradually increases in 
thickness, and becomes a tough membrane, generally yellowish-white in colour, 
but sometimes brown or even almost black from admixture with blood. At this 
stage the pseudomembrane adheres so intimately to the part that forcible removal 
exposes araw bleeding surface. Later it exfoliates, and may be thrown off in perfect 
casts. 

The false membrane may appear on any mucous surface and, occasionally, also on 
the skin adjoining the natural openings, such as the commissures of the beak and 
eyelids. The nostrils, the mouth, the pharynx, are the parts earliest and most 
frequently affected. From the fauces the disease usually spreads to the larynx and 
may extend down the bronchial tubes into the air cells of the lungs. The ali- 
mentary canal also may be invaded. The pseudomembrane may develop within 
the crop and in the intestinal coeca, as I have had the opportunity of observing, 
more than once, in gallinaceous birds at the prosectorium of the London Zoological 
Gardens, where I worked for about three years. The coeca may be filled completely, 
even greatly distended, by the exudate which often forms one solid mass of concentric 
layers of dry, crumbling fibrinous exudate. Occasionally, the oviduct may be 
affected. I have seen it, in the pheasant, completely plugged by the characteristic, 
friable exudate; others have noticed it in fowls and ducks. The occurrence of 
diphtheritic patches in the oviduct explains my finding, on one occasion, shreds of 
false membrane in the white of a fowl’s egg. They must have become incorporated 
with the albumen during the formation of the egg, just as parasitic worms become 
at times included, whilst wandering into the oviduct, or forced up by the muscular 
action of the cloacal walls. ‘Twice I have found the tiny trematode Prosthogonimus 
ovatus, and once the small nematode Heterakis vesicularis, in the white of fowls’ 
eggs. Bacteria and fungi of many kinds often have been reported from the eggs 
of birds. 

Large accumulations of exudate within the nasal cavities frequently give rise to 
swellings of unequal size which may disfigure considerably the bird’s head. These 
swellings appear between the root of the beak and the inner angles of the eyes. 
They may attain the size of a walnut, displacing the eyeball and distorting the beak. 

Not infrequently, the conjunctiva becomes involved, the eyelids swell and show 
a tendency to stick together. ‘The exudate is seen first in flakes, but rapidly forms a 
thick membrane which may be followed by serious destructive changes in the eye. 

As in the diphtheria of man, so in avian diphtheritis, the specific membranous 
inflammation is accompanied, or followed, by the no less characteristic paralysis. 
This symptom has been noticed repeatedly in fowls, pigeons, pheasants, turkeys and 
ducks. I have seen it, unmistakably, in pigeons. During the 1908 epizootic, 
mentioned above, several pigeons unable to fly, or stand, were sent to me from the 
affected districts. 

Cattle, horses, sheep, swine, rabbits, dogs and cats suffer exactly in the same 
manner. Moreover, our knowledge of the occurrence of diphtheritic affections 
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amongst mammals runs back to a remote antiquity. Plautus, the Roman dramatist, 
in his comedy, ‘ Trinummus,’ mentions an epizootic of diphtheritis among swine : 
he says, ‘Sues moriuntur angina acerrume.’ 

The ‘ angina maligna’ seen by the Ancients in man and animal was certainly 
diphtheria. The descriptions of the disease given by Archigenes, Aretaeus and 
Aétius, especially that of Aétius of Byzantium (sixth century), who mentions 
paralysis of the palate, are unmistakable. Epidemics having been frequently 
observed in Egypt and Syria, the distemper was known also at that time by the 
names of ‘ malum Aegyptiacum ’ and ‘ ulcera Syriaca.’ Further proof, if need be, 
is supplied by the employment of tracheotomy and intubation to overcome 
impending suffocation. ‘Tracheotomy, first mentioned by Asclepiades (B.c. 128-56), 
the friend of Cicero and Crassus, was clearly and fully described by Antyllus, a 
great and wonderful surgeon of the third century. Aretaeus was opposed to it 
and Caelius Aurelianus calls it no less than a crime. Intubation is alluded to in 
the Hippocratic writings. 

The simultaneous occurrence of diphtheria epidemics in man, and of epizootics 
of a similar nature in the most diverse animals has been observed repeatedly in 
all ages and places. Their relationship is admitted unhesitatingly in the accounts 
of the great epidemics which desolated Europe between the sixteenth and eighteenth 
centuries. ‘The deadly epidemic of Naples, in 1618, and that of Paris, in 1743, are 
reported to have followed on epizootics of the same nature. Noah Webster, the 
American lexicographer mentions, in 1800, the occurrence of fatal angina in man 
synchronously with a ‘ pestilence amongst cats which swept away these animals by 
thousands.’ 

An interesting example of the transmission of diphtheritis from fowl to man 
was reported by Gerhardt, in 1883, at the Wiesbaden Medical Congress. A large 
number of fowls were brought from Verona, Italy, to the village of Nesselhausen, in 
Baden ; some of the birds were found to be suffering from diphtheritis on arrival, 
and about half of them died. All the chickens bred in incubators died, four cats, 
kept at the farm, died from diphtheria, and four of the six men employed contracted 
the disease. A boy, who was pecked by one of the diseased birds, developed false 
membranes on the injured parts. No case occurred in the neighbouring village. 

In the Fournal de Santé (December 23rd, 1888) is an account, by Dr. Bild, of 
the first outbreak of diphtheria seen by him, after thirty years of practice, in the 
small Greek island of Skiathos. In June, 1884, Dr. Paulinis was called to see several 
children who had contracted diphtheria simultaneously ; five of them died. The 
disease soon spread throughout the town of Skiathos and, in less than five months, 
there occurred 125 cases, thirty-six of which proved fatal. On investigation, it was 
found that the epidemic had started from a courtyard occupied by turkeys recently 
imported from Salonika. The turkeys had exhibited false membranes in their 
fauces and all had died except one. The surviving gobbler was badly paralysed. 

Dr. G. Turner, in a valuable report to the Local Government Board, mentions an 
epidemic of diphtheria that occurred in the village of Braughing, in 1883. The first 
cases were connected with a farm on which the fowls were dying from diphtheritis. 
Subsequently the disease made its appearance on other farms, where it was also 
preceded by a similar distemper among the poultry. During the summer of 1886, 
while investigating epidemic diphtheria at Farnham, he found that there had been 
simultaneously an epizootic amongst fowls. A like epizootic had occurred also in 
fowls and turkeys at Ash, in fowls at Long Eaton, and in fowls and pheasants at 
‘Tongham. At Tongham a man bought a chicken from an infected farm and took it 
home; diphtheria broke out in his house shortly after. This was the first case in the 
village. Similar disease was noticed among cats at Aldershot, Farnham, Yateley and 
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Petersfield. At Braughing both hogs and horses suffered from ‘ sore-throat sickness’ 
immediately after the diphtheritic epidemic among human beings. 

In the face of these facts it is surprising to find veterinary authorities, such 
as Friedberger and Fréhner dismissing the whole evidence as ‘ a mere assumption 
due to utter ignorance of veterinary pathology.’ 

Surely, the synchronous occurrence of diphtheritic disease in man and in some 
of the lower animals, observed in almost every outbreak, must indicate more than a 
fortuitous coincidence. Moreover, considering that human diphtheria is very easily 
transmitted by inoculation to many kinds of animals, it seems only reasonable to 
surmise that it may be conveyed reciprocally from the lower animals to man. 

In a paper on ‘The Epidemiology of Diphtheria,’ published in the Lancet 
(April 18th, 1908), I pointed out that ‘ The steady increase in the number of wood 
pigeons during recent times, their greater abundance in the eastern districts, 
especially during autumn and winter, and their invasion of towns within recent years, 
explain in a most remarkable way the rural distribution of diphtheria, its occurrence 
in isolated places, especially near the coasts or even in lighthouses, its greater frequency 
in the eastern districts of this country, its prevalence during the last quarter of the 
year, and its recent increase in towns.’ 

In ‘ The Fourth Book of Moses’ (Numbers xi, vv. 31-34) is a 
passage of considerable interest with regard to our subject. It reads 
as follows :— 

‘And there went forth a wind from the Lord, and brought quails 
from the sea, and let them fall by the camp, as it were a day’s journey 
on this side, and as it were a day’s journey on the other side, round 
about the camp, and as it were two cubits high upon the face of the 
earth. 

‘And the people stood up all that day, and all that night, and 
all the next day, and they gathered the quails: he that gathered 
least gathered ten homers: and they spread them all abroad for 
themselves round about the camp. 

‘And while the flesh was yet between their teeth, ere it was 
chewed, the wrath of the Lord was kindled against the people, and 
the Lord smote the people with a very great plague. 

‘And he called the name of that place Kibroth-hattaavah: because 
there they buried the people that lusted.’ 

What other disease could explain more satisfactorily than 
diphtheria the pestilence implied in this passage ? Diphtheria manifests 
itself in the very fauces, and the text seems to indicate this localisa- 
tion of the disease in a striking figurative way by stating that the Lord 
smote ‘ while the flesh was yet between their teeth, ere it was chewed.’ 


I am not aware that anyone has ever reported diphtheritis from the quail (Coturntx 
coturnix), but this gallinaceous bird belongs to the family Phastanidae, which includes 
pheasants and partridges, both highly susceptible. The quail is notable for its 
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amongst mammals runs back to a remote antiquity. Plautus, the Roman dramatist, 
in his comedy, ‘ Trinummus,’ mentions an epizootic of diphtheritis among swine : 
he says, ‘ Sues moriuntur angina acerrume.’ 

The ‘ angina maligna’ seen by the Ancients in man and animal was certainly 
diphtheria. The descriptions of the disease given by Archigenes, Aretaeus and 
Aétius, especially that of Aétius of Byzantium (sixth century), who mentions 
paralysis of the palate, are unmistakable. Epidemics having been frequently 
observed in Egypt and Syria, the distemper was known also at that time by the 
names of ‘ malum Aegyptiacum ’ and ‘ ulcera Syriaca.’ Further proof, if need be, 
is supplied by the employment of tracheotomy and intubation to overcome 
impending suffocation. ‘Tracheotomy, first mentioned by Asclepiades (B.c. 128-56), 
the friend of Cicero and Crassus, was clearly and fully described by Antyllus, a 
great and wonderful surgeon of the third century. Aretaeus was opposed to it 
and Caelius Aurelianus calls it no less than a crime. Intubation is alluded to in 
the Hippocratic writings. 

The simultaneous occurrence of diphtheria epidemics in man, and of epizootics 
of a similar nature in the most diverse animals has been observed repeatedly in 
all ages and places. Their relationship is admitted unhesitatingly in the accounts 
of the great epidemics which desolated Europe between the sixteenth and eighteenth 
centuries. ‘The deadly epidemic of Naples, in 1618, and that of Paris, in 1743, are 
reported to have followed on epizootics of the same nature. Noah Webster, the 
American lexicographer mentions, in 1800, the occurrence of fatal angina in man 
synchronously with a ‘ pestilence amongst cats which swept away these animals by 
thousands.’ 

An interesting example of the transmission of diphtheritis from fowl to man 
was reported by Gerhardt, in 1883, at the Wiesbaden Medical Congress. A large 
number of fowls were brought from Verona, Italy, to the village of Nesselhausen, in 
Baden ; some of the birds were found to be suffering from diphtheritis on arrival, 
and about half of them died. All the chickens bred in incubators died, four cats, 
kept at the farm, died from diphtheria, and four of the six men employed contracted 
the disease. A boy, who was pecked by one of the diseased birds, developed false 
membranes on the injured parts. No case occurred in the neighbouring village. 

In the Fournal de Santé (December 23rd, 1888) is an account, by Dr. Bild, of 
the first outbreak of diphtheria seen by him, after thirty years of practice, in the 
small Greek island of Skiathos. In June, 1884, Dr. Paulinis was called to see several 
children who had contracted diphtheria simultaneously ; five of them died. The 
disease soon spread throughout the town of Skiathos and, in less than five months, 
there occurred 125 cases, thirty-six of which proved fatal. On investigation, it was 
found that the epidemic had started from a courtyard occupied by turkeys recently 
imported from Salonika. The turkeys had exhibited false membranes in their 
fauces and all had died except one. The surviving gobbler was badly paralysed. 

Dr. G. Turner, in a valuable report to the Local Government Board, mentions an 
epidemic of diphtheria that occurred in the village of Braughing, in 1883. The first 
cases were connected with a farm on which the fowls were dying from diphtheritis. 
Subsequently the disease made its appearance on other farms, where it was also 
preceded by a similar distemper among the poultry. During the summer of 1886, 
while investigating epidemic diphtheria at Farnham, he found that there had been 
simultaneously an epizootic amongst fowls. A like epizootic had occurred also in 
fowls and turkeys at Ash, in fowls at Long Eaton, and in fowls and pheasants at 
‘Tongham. At Tongham a man bought a chicken from an infected farm and took it 
home; diphtheria broke out in his house shortly after. ‘This was the first case in the 
village. Similar disease was noticed among cats at Aldershot, Farnham, Yateley and 
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Petersfield. At Braughing both hogs and horses suffered from ‘ sore-throat sickness’ 
immediately after the diphtheritic epidemic among human beings. 

In the face of these facts it is surprising to find veterinary authorities, such 
as Friedberger and Fréhner dismissing the whole evidence as ‘ a mere assumption 
due to utter ignorance of veterinary pathology.’ 

Surely, the synchronous occurrence of diphtheritic disease in man and in some 
of the lower animals, observed in almost every outbreak, must indicate more than a 
fortuitous coincidence. Moreover, considering that human diphtheria is very easily 
transmitted by inoculation to many kinds of animals, it seems only reasonable to 
surmise that it may be conveyed reciprocally from the lower animals to man. 

In a paper on * The E pidemiology of Diphtheria,’ published in the Lancet 
(April 18th, 1908), I pointed out that ‘ The steady increase in the number of wood 
pigeons dating recent times, their greater abundance in the eastern districts, 
especially during autumn and winter, and their invasion of towns within recent years, 
explain in a most remarkable way the rural distribution of diphtheria, its occurrence 
in isolated places, especially near the coasts or even in lighthouses, its greater frequency 
in the eastern districts of this country, its prevalence during the last quarter of the 
year, and its recent increase in towns.’ 

In ‘ The Fourth Book of Moses’ (Numbers xi, vv. 31-34) is a 
passage of considerable interest with regard to our subject. It reads 
as follows :— 

‘And there went forth a wind from the Lord, and brought quails 
from the sea, and let them fall by the camp, as it were a day’s journey 
on this side, and as it were a day’s journey on the other side, round 
about the camp, and as it were two cubits high upon the face of the 
earth. 

‘And the people stood up all that day, and all that night, and 
all the next day, and they gathered the quails: he that gathered 
least gathered ten homers: and they spread them all abroad for 
themselves round about the camp. 

‘And while the flesh was yet between their teeth, ere it was 
chewed, the wrath of the Lord was kindled against the people, and 
the Lord smote the people with a very great plague. 

‘And he called the name of that place Kibroth-hattaavah: because 
there they buried the people that lusted.’ 

What other disease could explain more satisfactorily than 
diphtheria the pestilence implied in this passage? Diphtheria manifests 
itself in the very fauces, and the text seems to indicate this localisa- 
tion of the disease in a striking figurative way by stating that the Lord 
smote ‘ while the flesh was yet between their teeth, ere it was chewed.’ 


I am not aware that anyone has ever reported diphtheritis from the quail (Coturnix 
coturnix), but this gallinaceous bird belongs to the family Phastanidae, which includes 
pheasants and partridges, both highly susceptible. The quail is notable for its 
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extended migrations, Its range is very great, for it extends throughout the whole 
of Europe, in Asia as far east as Japan, and in Africa, as far south as Cape Colony. 
Immense flocks annually visit the countries bordering on the Mediterranean, 
especially on the spring migration, when, as of old in Sinai, multitudes come up in 
the night and cover the land. They travel invariably with the wind. 

The flesh of the quail has often been looked upon as poisonous. Pliny ascribes 
its poisonous qualities to the birds eating hellebore and the seed of other poisonous 
plants. ‘The Arabian physicians proscribed its use. In many parts of Northern 
Africa, in Abyssinia, for instance, the natives look upon the Francolin and other 
Phasianidae as unclean. 


The passage from Numbers, just quoted, is kindred to the one 
concerning plague and rats in the First Book of Samuel (Chapter VI, 
vv. 4 and 5) which runs :— 

‘Then said they, What shall be the trespass offering which we 
shall return to him? They answered, Five golden emerods (plague 
buboes), and five golden mice (rats), according to the number of 
the lords of the Philistines: for one plague was on you all, and on 
your lords. 

‘Wherefore ye shall make images of your emerods, and images 
of your mice that mar the land; and ye shall give glory unto the 
God of Israel.’ 

But there is much more of great medical interest in the Bible 
which, read in the light of recent knowledge, we may now under- 
stand. Then, no doubt, we shall value the words of ‘ The 
Preacher ’ :— 

‘The thing that hath been, it is that which shall be; and that 
which is done is that which shall be done: and there is no new 
thing under the sun.’ 


VOLES, WOOD-MICE AND GROUND SQUIRRELS 


The brief sketches of Typhus in Japan, Formosa, Sumatra and Australia, given 
above, and the new data supplied with regard to the various animal hosts of the 
Acarians concerned in its transmission, open up a wide vista into the complex ecology 
of the disease. 

The part played by certain animals as reservoirs of the ‘ spotted fever’ virus is 
all-important, ‘The disease appears to be, essentially, a distemper of rodents, 
especially of squirrel-like and rat-like rodents of such genera as Citellus, Marmota, 
Neotoma, Microtus, Arvicola, Evotomys, Apodemus, Peromyscus, Micromys, Rattus 
and Mus; probably, also, of Hares (Leporidae), of Picas (Lagomyidae), of certain 
Insectivora, such as Shrews (Soricidae), and of Gallinaceous fowl (Galliformes), 
with other more or less ground-inhabiting birds, such as the Lark-heeled Cuckoos 
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(Centropodinae). Acrocephalus orientalis, known to be a common host of Trombicula 
akamushi in Japan, is a Sedge-warbler which nests among reed beds inhabited by 
frogs, water-voles and water-rats. 

Of all the animals that play a part in the ecology of typhus and bear host- 
relationship with the acarian vectors of the disease, the more important—so far as 
man is concerned—are, of course, as in plague, those with which he is more likely 
to come in touch. Among these are House-Mice (Mus), Rats (Rattus), Voles or 
Field-Mice (Microtus), Wood-Mice (Apodemus), Wood- or Pack-Rats (Neotoma), 
White-footed Mice (Peromyscus), and Ground Squirrels (Citellus). 

All these Murids are widely distributed, almost ubiquitous. They are 
represented by vast populations, which at irregular periods—‘ mouse years ’—under 
favourable meteorological and biotic conditions, become inconceivably multi- 
tudinous. At such times, overcrowding, by upsetting the necessary equilibrium 
between the animal and its vegetable food, and by favouring parasitism, brings 
about those deadly ‘ mouse plagues’ and frenzied migrations repeatedly described 
since the days of Aristotle and Claudius Aelianus. 

A few words about Voles, Wood-Mice, Ground Squirrels, their habitats and 
behaviour may help us to understand the peculiar associations and relationships which 
make up the ecology of typhus fever, and thus introduce a new and more compre- 
hensive aspect of etiological and epidemiological science which might well be termed 
‘medical ecology.’ 

Fossil-remains of Voles have been found in the late Pliocene of Europe, but not 
earlier than the Pleistocene in America. ‘The genus Microtus arose probably in Asia, 
and reached the Nearctic Region by way of Behring Strait, formerly an isthmus. 
Now, Voles occur throughout the Palearctic and Nearctic Regions, from sea-beach 
to timber-line. 

These hardy little creatures, with thick-set bodies, short hairy tails, short ears, 
broad, blunt muzzles and bead-like eyes, adapt themselves to the most diverse 
conditions of environment. ‘They prefer localities of excessive humidity, where 
the vegetation is luxuriant ; they are common in marsh-lands among rushes, sedges 
and willows, or in salt marshes, among the Marran grass (4mmophila arenaria), and 
sea lyme grass (E/ymus arenartus) of sea beaches, but they are equally at home in 
dense oak- forests, under rank growth of brush and weeds ; in open ground, overgrown 
with brambles or wild raspberries, rose and hazel thickets, or with coarse heather 
in grassy parks on mountain slopes ; in meadows and old ‘weedy fields, Some live 
in dry uplands, a few in arid regions, but, as a rule, their habitats are in grassy 
places near water, along the banks of rivers, or mountain streams, ‘They are adepts 
at climbing rocks, they swim and dive with facility. Some, indeed, are semi- 
aquatic in habits and, necessarily, follow water-courses in their distribution. 

The several diverse habitats, with their different biotic associations, compel 
special habits and functions, impressing thereby unmistakable features which spell 
adjustment to a particular complex of surrounding conditions (hence often incom- 
patibility with others) and, necessarily, restriction to certain localities and to certain 
types of environment. ‘Those which live in the perpetual shade of dense forests are— 
as might be expected—of dark pelage ; while those which inhabit the open plains 
assume a pale protective colouring. Moreover, we should not forget that it is the 
nature of the food available in any particular locality that forges their dental armature 
and moulds their whole structure and behaviour. So much so, that Museum 
Naturalists have split up this group of mice into an endless, bewildering number of 
species and sub-species, giving every single islet round our coasts its own species or 
sub-species of vole. Yet, these same taxonomists label every kind of dog, every 
kind of barn-fowl, every kind of domestic pigeon, no matter how different in size, 
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in shape, in colour, nay, in the very form, proportion and number of skeletal bones, 
as mere varieties of single species, because dog-breeders, poultry-farmers, and 
pigeon-fanciers have made it so, Nature ignores classifications, her work is one of 
constant, endless wedging and moulding of the clay of which all things are made, 

However, the long, patient, thankless work of the systematist or ‘ nomenclature 
naturalist,’ as Spallanzani derisively called him, enables one to tell, almost at a 
glance, whether an Orkney vole comes from Pomona Island, or Sanday Island ; 
whether an alien species belongs to the Yosemite Valley, or to Kumaon in the 
Himalayas. So, in this paper, I, too, have given ‘ specific’ names to several larvae 
of ‘Trombidiid mites, separating them, as others have done, literally on 
‘ hair-splitting ’ distinctions, 

Voles feed mainly on grass and on the buds and leaves of many shrubs in spring 
and summer ; on the roots and bark of young trees in winter. ‘T he diet necess: arily 
varies with the habitat. In marsh lands they feast on Pondweed (Potamogeton), and 
Duckweed (Lemna), on Sweet-flag (Acorus), Horse-tail (Fquisetum), Cat-tail (Typha), 
Rush (Funcus), Marsh Marigold (Caltha palustris) and the stems of the White 
Water-Lily (Nymphaea alba), ‘They are particularly fond of the succulent bases of 
grass-stalks, of Clover (Trifolium) and Alfalfa (Medicago), of Dandelion (Taraxacum) 
and Sage (Artemisia), of acorns, nuts, chestnuts, rose-hips, and the berries and seeds 
of plants far too numerous to mention, They make depredations in cultivated 
grain-fields, raid gardens for fruit and bulbs, and are partial to mushrooms. ‘They 
indulge considerably in animal food, especially insects, molluscs, frogs and small fish. 
They seldom accumulate supplies and, when food falls short, resort to cannibalism. 

In agreement with local conditions, while some are almost entirely nocturnal, 
the majority are active at intervals throughout the day as well as at night. None 
are known to hibernate. Even at great altitudes, they are active beneath the snow 
in winter, They dig burrows and build snug winter quarters under cover of thick 
grass and shrubs, Their nests, during the breeding season, are made of grass and 
soft plant fibres. ‘They are famous for their smooth trails or ‘ runways,’ leading 
from burrow to burrow and away to their feeding grounds, through grass or mud, 
occasionally through shallow water. 

They visit the rick-yard and the granary, enter stables and human dwellings, 
robbing cupboard and stores. In winter they may be found, like house-lice, in the 
very roof of houses, 

‘We are the army of the great God, and we lay nine-and-ninety eggs ; were 
the hundredth put forth, the world would be ours,’ says the Locust, in an Arabian 
fable. So might the Vole boast, were it not for the number of natural enemies 
which keep it in check. I need but mention fox, coyote, cat, badger, mungoos, 
polecat, mink, skunk, weasel—among mammals ; owl, hawk, kestrel, mouse-buzzard, 
raven—among birds ; numerous snakes among reptiles. In water, it is preyed upon 
by heron, pike, and large eel. 

Voles are so small, so numerous, so wary, that trap, gun, and poison are of 
little avail. Prevention must necessarily begin by the avoidance and prohibition of 
the useless destruction of local natural enemies. 

What has been said of Voles applies equally well to Wood-Mice (4 podemus). 
The genus 4 podemus is confined to the Palearctic Region, but within its limits, it is as 
widely distributed and numerous as the genus Microtus, ranging from the Maram 
grass association of the sea-coast to altitudes of 6,000 feet on the Alps and 11,500 feet 
on the Himalayas. However, it is more abundant in the plains and warmer valleys 
than in the damp uplands beloved of Voles. Being practically omnivorous, it may 
be found anywhere, yet its preference for acorns, nuts and berries, makes woods and 
hedgerows its special haunts, It is a great pest in fields and gardens, while, in bad 
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seasons, it often retires to the cellars of houses. It has been trapped frequently in 
store-rooms and in stables. 

The Wood-Mouse of the Nearctic Region, known also as White-footed Wood- 
Mouse, Deer-Mouse, and Vesper-Mouse, belongs to the American genus Peromyscus 
which, though found in almost every part of North America, seems to reach its 
highest development in Mexico, where it is not only more abundant in numbers, 
but also in the diversity of forms, the majority being entirely different from those of 
the United States. 

The American Wood-Mice, like those of Eurasia, range from sea-level to great 
altitudes, occupying widely different local habitats, in cliff, woodland, open prairie, 
watercourse, swamp and desert, each with its own particular type of biotic com- 
munity. Hence, they exhibit that kind and amount of adaptive variation which is 
invariably associated with each kind of environment, and which can hardly be 
considered specific or even sub-specific. 

Wood-Mice are nocturnal in their wanderings and, unlike Field-Mice (A/icrotus), 
do not make beaten runways. Their food consists chiefly of nuts, acorns, pits of wild 
cherries, and the seeds of many wild shrubs, weeds and grasses. Many burrow to 
some extent, but, in most cases, those that live underground occupy either natural 
openings or the retreats formed by other animals. They enter buildings readily 
and are particularly common in the houses of rural districts. In small towns, not 
vet infested by the House-Mouse, they often abound, but the common House-Mouse, 
though smaller, seems able to drive them away. 

Squirrels belonging to the genus C7tellus are more or less truly ground squirrels 
living in burrows or dens. ‘They inhabit the prairies, the sage and bunch-grass 
plains wherever there is sufficient vegetation to support them. At times they become 
startlingly abundant. ‘They frequent pasture lands, grain fields and orchards. 

Grinnell and Storer, in their account of the ‘ Animal Life in the Yosemite ’ 
(1924), state that the burrows of the California Ground Squirrel (Crtellus beecheyi 
heecheyi (Richardson) ) are often inhabited by other than their rightful owners. 
Ground Owls (Speotyto cunicularia hypogaea (Bonoparte) ) make their nests of 
horse-manure some distance down the burrows, and the California Toad (Bufo 
boreas halophilus Baird and Girard) may be seen squatting at the entrances, using 
them as daytime retreats. The Western Gopher Snake (Pituophis catenifer heermanni 
(Hallowell) ), and the Pacific Rattlesnake (Crotalus oreganus Holbrook) are often 
met about the burrows of ground squirrels and other earth-dwelling rodents on 
which they subsist, but the burrows are also used by these snakes to ‘den up’ 
during the winter months. Other regular inquilines are scorpions, centipedes, mole- 
crickets, fleas, ticks and mites. 

The habitats of rodents, the plants on which they feed, or beneath which they 
find cover, the various animals which approach or enter their dens are the places, 
plants and animals already known to us as the habitats, cover and hosts of the several 
acarians concerned in the dissemination of typhus fever. 


~ 
ee 
Na 
: 


118 


NEW SPECIES OF TROMBIDIID LARVAE 


During the last few months, I have had the opportunity of examining about 
twelve new species of Trombidiid mites in their larval instar. Following Oudemans’ 
excellent grouping, I find I have two species of Trombicula, two of Schéngastia, 
and eight of Hannemania. Moreover, | have been able to examine specimens of 
Leeuwenhockia australiensis, described by Mr. Hirst, in 1925. 

According toOudemans, the four groups here considered are easily distinguished :— 
Trombicula and Schéngastia are alike, except in the shape of their pseudostigmatic 
organs which are hair-like in Trombicula, club-shaped in Schéngastia. Also, Leeuwen- 
hockia and Hannemania are similar each to each, with the exception of the number 
of hairs on their coxae I, because Leeuwenhockia has one only, Hannemania two. But 
both Trombicula and Schongastia differ from Leeuwenhoekia and Hannemania in 
having five instead of six setae on their dorsal shields, divided instead of undivided 
femora, and a pair of hairs between coxae I, which is absent in both Leeuwenhoekia 
and //annemania. The two latter, however, may have a greater number of claws 
on their palps : one to five instead of one to three. 

To these characters, distinguishing the various groups others might be added, 
such as the relative position of pseudostigmatic organs and posterior scutal setae, 
but those given are the most reliable. 

Dr. E. W. Walch (Trans. Fifth Biennial Congress, Singapore, 1923) would 
merge Schéngastia in Trombicula, stating that Trombidiid larvae with club-shaped 
pseudostigmatic organs may give rise to nymphs with corresponding hair-like 
structures. This is so, he says, in Schéngastia muris, S. oudemansi, and S. shiiffneri, 
but not in the case of S§. gallinarum, Hatori, because the nymph of this species, 
reared by Kawamura and Yamaguchi, is provided with club-shaped pseudostigmatic 
organs similar to those of the larva. Walch adduces experimental evidence 
in support of his contention, but his experiments are not altogether convincing. 

‘1 was always successful,’ he says, ‘in rearing TJ. oudemansi ; | tried to rear 
T. schiiffneri eight times, and succeeded only once. . . . I made only two attempts 
to rear JZ. muris and succeeded in reaching the nymphal stage once.’ He 
used, he says, larvae ‘ preferably taken from that part of the country where the 
larvae are found ’ [sic], and he explains that ‘ In order to make quite sure of getting 
the nymphae that belong to a special species of larva, it is necessary to examine every 
larva before putting it into the earth. This, however, is a roundabout way and you 
run the risk of injuring the larvae by handling them. In most cases it is sufficient 
to determine a certain number of larvae, e.g., from the ear of a rat. When they all 
belong to one species it is most probable that the nymphae we get are those of that 
species. Generally, I have chosen this method.’ 

But even though the nymphae of all species of Schéngastia developed hair-like 
pseudostigmatic organs, what then ? Walch suggests the formation of a sub-genus 
of the genus Trombicula to include forms with club-shaped pseudostigmatic organs 
in their larval stage. But whether any systematic unit be given generic or sub- 
generic rank is a subjective matter of little importance. At present, I sce no reason 
to alter the classification proposed by Oudemans, who with extraordinary patience 
skill and acumen, brought order into a chaotic assemblage of acarian larval forms. 

A thorough systematic description of the several new species would be too long 
and, certainly, out of place in this paper, but a few descriptive words, together with 
delineations of the more striking features, will serve our present purpose and suffice 
to put on record the finding of some interesting creatures. 1 must point out, 
however, that it has not been always possible to study in each species all the necessary 


tar 


= 
(fig 
cen 
thi 
Cire 
tra 
sms 
stig 
sepi 

: 


119 


specific characters, because the available specimens were often few in number and 
deeply embedded in the skin of their respective hosts, where, enveloped in thin, 
granular exuviae and encased in their larval skins, they were undergoing histolitic 
and histogenic changes. Moreover, not infrequently, they were damaged during 
extraction and, in addition, the usual methods of technique employed in clearing 
and mounting, were hardly suitable for such minute, soft-bodied and delicate mites. 


TROMBICULA YORKEI n.sp. 


Of my two new species of Trombicula, one : T. hirsti 1 described last July, in the 
Annals and Magazine of Natural History ; the other, which I propose to name 
Trombicula yorket, was found in tiny whitish cysts on the inter-digital web of the 
feet of Hyla rubra (Daud.), a Brazilian Tree-Frog which dons a bicoloured nuptial 
dress. 


TERZID 


Fic. 6. Trombicula yorket n.sp. a.—dorsal sheld ; 6.—palpus ; and II coxae ; d.—first 
tarsus; ¢.—second tarsus; f{.—body setules. 


The most striking feature in Trombicula yorkei is the shape of its dorsal shield 
(fig. 6, a) which may be described as formed by the opposite halves of two con- 
centric circular discs united diametrically, the anterior semi-circle being twice the 
size of the posterior one and the latter ending caudad with a crescentic rim of 
thickened chitin. ‘The five scutal setae are placed at equal distances along the 
circumference of the larger anterior semi-circle, the two posterior at ends of 
transverse diameter, the anterior at ends of chord tangent to imaginary upper end of 
smaller concentric disc, the middle one between latter and uppermost. Pseudo- 
stigmata circular, situated within imaginary upper segment of smaller circle and 
separated by a distance equal to one of their own diameters. Pseudostigmatic 
organs, slender and branched, along distal half. Eyes comparatively small and 
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situated at level of pseudostigmata. Pa/pz (fig. 6, ) stout ; one simple seta on second 
segment, one with single branch on third, two simple and one with several short 
barbs on fourth. Pa/pal claw slightly curved and bifurcate with inner division longer 
and stouter than outer. Thumb conical with one short, rod-like spine and four 
slightly-barbed setae. Hairs on body short, straight and finely spiny. 

Length :—o-38 mm.; width, 0-17 mm. 

Type host :—Hyla rubra (Daud.). 


Type locality :—Urucum, Matto Grosso, Brazil. 


SCHONGASTIA MADAGASCARIENSIS n.sp. 


Body ovoidal, elongate, widest at level of third coxae. Dorsal shield (fig. 8, a) 
roughly pentagonal, broader than long, anterior margin almost straight, sides 
divergent posteriorly, hind margin strongly convex and formed, as it were, by two 


Fic. 7. Schingastia madagascartensis n.syp. 
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last converging sides. Five scutal setae ; one straight and slightly spiny at middle 
of front margin, other four situated one at each corner, all equally long and feathered. 
Pseudostigmata circular, placed almost in the middle of shield and fairly close 
together, the space between them being about equal to their diameter. Pseudo- 
stigmatic organs club-shaped with slender pedicle and head olive-shaped and some- 
what depressed laterally. Eyes at level of posterior scutal setules, but apart from 


the dorsal shield half its width. 
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Vic. 8. Schongastia madagascariensis n.sp. a.—dorsal shield scutal seta ; 
6.—pseudostigmatic organ; 6’.—pseudostigmatic organ, side view; ¢.—palpus; d.—first tarsus ; 
e.—second tarsus; f.— tarsal claws. 


Capitulum (fig. 7). Setae on base with four short barbs. Palpi (fig. 6, ©). 
First segment ring-like ; second expanded laterally and bearing one seta, longer than 
segment, with three barbs ; third segment shorter and narrower, lateral seta, twice 
as long as segment, with two barbs ; fourth segment bearing two setae—proximal 
with two barbs, distal plain. Thumb with eight setae—six pectinate, two simple. 
Palpal claw bifurcate, major prong stout, long and curved ; accessory short, almost 
straight. 

Ventral surface (fig. 7). Setae on coxae, and between second and third pairs of 
coxae, slender, slightly curved, and pectinate on convex side. Abdominal setae 
twenty in number, distributed in seven rows (6, 2, 4, 2, 2, 2, 2), as shown in figure. 

Legs (fig. 8, d, e, f). Subequal, clothed with pectinate setae and bearing a few 
simple setae—one on each protarsus of first leg and one on each protarsus and tibia 
of third leg. ‘Tarsus I bears a stout, rod-like sensory seta, about three-fourths its 
length, and a tiny conical spine. ‘Tarsus II also bears a rod-like sensory seta, but 
only one-fourth its length. Tarsal claws stout and distinctly curved, empodium of 
like curvature but longer than claws and more slender. 

Length :—o-45 mm. ; width, 0:25 mm. 

Type host :—Mantidactylus luteus Methuen and Hewitt. 

Type locality :—Madagascar. 
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SCHONGASTIA PILLERSI n.sp. 


Body of elongate ovoid shape. 

Palpi (fig. 9, d). Second segment narrow at base, but extended laterally, with 
one straight simple seta about as long as segment ; third segment also with one long 
plain seta; fourth segment with three setae—one pectinate, two simple. Thumb 
oval in shape and bearing nine setac—seven distinctly pectinate, two plain. Palpal 
claw three-pronged, middle prong stouter and longer. 

Chelicerae (fig. 9, ¢) with outer row of three backwardly-directed teeth. 

Dorsal shield (fig. 9, a). Trapezoidal, front margin straight, posterior broadly 
rounded, sides divergent posteriorly. Scutal setae slightly curved and furnished 
with minute barbs. Pseudostigmata (fig. 9, 6) conoidal (like inverted truncate 
cone of a funnel), situated in posterior third of shield and close together (hardly 
half their diameter apart). Pseudostigmatic organs spherical, with short stem arising 
from opening of funnel-shaped pseudostigma. 


Fic. 9. Schéngastia pillersi n.sp. a.—dorsal shield ; 5.—conoidal pseudostigma with spherical 
pseudostigmatic organ; c.—ocular plate with unequal eyes; d.—palpus, ventral aspect ; ¢.—apex 
of chelicera with harpoon-like barbs ;_f.—coxae I and II with stigma between; g.—seta from dorsal 


surface of body ; 4.—tarsus 1; 1.—tarsus II. 


Ocular plate (fig. 9, c) with anterior eye larger, more convex than posterior. 
Ventral surface (fig. 9, f, g). Setae on coxae strongly pectinate, almost plumose ; 
abdominal setae, like dorsal setae, rather short, slightly curved and furnished with 


minute barbs. 
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Legs (fig. 9, 4, 2). Setae, especially on tarsi, strongly pectinate. “Tarsus I bears 
a stout rod-like sensory seta equal to about three-fourths its length. ‘Tarsus II is 
provided with a similar structure measuring about half its length. 

Length :—o-65 mm. ; width, 0-43 mm. 

Type host :—Phrynobatrachus natalensis (Smith). 

Type locality :—Upper reaches of White Volta Valley, Ashanti, Weet Africa. 


HANNEMANIA EDWARDSI n.sp. 


Body (fig. 10). Of prolate ovoidal shape, presenting a well-marked constriction 
behind legs. 

Capitulum (fig. 11). On base, two long setae with four conspicuous barbs. 
Palpi : on second segment, one plain ventral seta longer than segment ; on third 
segment, also one long simple seta ; on fourth, two pectinate setae—one with three 
barbs, the other with four. TAumb conoidal in shape, bearing six setae—one simple, 
five pectinate. Palpal claw three-pronged, middle prong stouter and longer. 
Chelicerae with outer row of about seven backwardly-directed teeth at apex of 
upturned blade. 

Dorsal shield (fig. 12). Outline indistinct in available specimens, but, judging 
from position of scutal setae, obviously pentagonal, with anterior margin more or 
less straight, posterior bluntly pointed. Scutal setae almost straight and slightly 
pectinate. Pseudostigmata of quadrate form, with corners rounded, situated below 
line uniting posterior setae and less than their own diameter apart.  Pseudo- 
stigmatic organs filiform, longer than shield, and, apparently, without barbs. 

Ocular plate (fig. 12). Ovoid, situated some distance (equal to scutal width) 
from dorsal shield. Anterior eye well developed, with bright convex lens ; posterior 
flat, indistinct. 

Ventral surface (fig. 10). Setae on coxae distinctly pectinate. Abdominal 
setae about sixty, distributed in twelve transverse rows (8, 6, 4, 4, 4, 6, 4, 8, 2, 6, 
6, 2), as in figure. 

Legs (fig. 10). Setae few and slightly pectinate ; plain setae chiefly on first leg : 
one on femur, seven (two of which very short) on tibia, five (two very short) on 
protarsus, three, together with rod-like sensory seta, on tarsus. The second leg 
has two on tarsus, and the third three, also on tarsus. 


1:00 mm. ; width, 0-65 mm. 
Type host :—Bufo variegatus (Gunther). 
Type locality :—Lake Nahuel Huapi, Puerto Blest, Argentine Andes. 


Length : 
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Fic. 10. Hannemania edwardsi n.sp. Ventral aspect. 
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HANNEMANIA HOBDAYI asp. 


Body of larva, in process of becoming nymph (fig. 5), twice as long as broad, 
wider anteriorly, at level of third pair of coxae, and presenting a deep constriction 
line behind rudiments of fourth pair of coxae. 


Capitulum (fig. 5). On base, two pectinate setae with five barbs on each. 
Palpi (fig. 13, a). One simple seta on each second and third segment ; one pectinate 
13, P § P 
and two plain on fourth segment. Thumb with one plain and four pectinate setae. 
Palpal claw three-pronged, major prong stout and slightly curved, accessory side- 

prong jor prong ghtly , y 
prongs shorter, more slender. Chelicerae (fig. 13, 6) with outer row of about six 
backwardly-directed teeth, decreasing in size distally, 


Fic. 13. Hannemania hobdayi n.sp. a.—palpus, ventral aspect ; 6.—anterior end of chelicera 
With external row ot teeth 5; ¢.—tarsus I with rod-like seta. 


Dorsal shield, About one-third wider than long, with all margins rounded, 
but not seen distinctly in available specimens. It appears as if formed of two 
segments of unequally sized discs united by their bases, the anterior being the wider. 
Scutal setae slightly pectinate. Pseudostigmata situated below line uniting posterior 
setae and about one and a half of their own diameters apart. Pseudostigmatic 
organs thread-like. 

Ventral surface (fig. 5). Coxae I and II with prominent spur on anterior 
corner of each distal margin. All setae on coxae, and between coxae III, strongly 
pectinate. Abdomen well defined by lateral indentations, Abdominal setae fifty- 
two in number, long, slightly curved, pectinate and distributed in eleven rows 
(2, 4, 2, 4, 6, 6, 6, 8, 6, 4, 4), as in figure. 

Legs (fig. 13, c). Setae few; one thin rod-like seta on ‘Tarsus I. 

Length :—o:57 mm.; width, 0-31 mm. 

‘Type host :—Pleurodema bufonina (Bell). 

Type locality :—Rio Negro Territory, Argentina, 
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HANNEMANIA NEWSTEADI n1.sp. 


Capitulum, Setae on base with three long barbs. Palpi (fig. 14, d): one 
slightly pectinate seta on each second and third segment ; two simple and one 
pectinate on fourth segment. Thumb with cne plain and five pectinate setae. 
Palpal claw three-pronged, all prongs unequal. Chelicerae (fig. 14, d) with outer 
row of about nine backwardly-directed teeth at apex of long curved blade. 
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Fic. 14. Hannemania newsteadi n.sp. a.—dorsal shield ; b.—eye seen from above; ¢.—eve 
seen from side; d.--palpus; e.—hair from dorsum of body ; /.—hair from venter of body. 


Dorsal shield (fig. 14, a). Shaped like a Venetian half-mask—wider than long, 
convex anteriorly, rounded at sides and ending posteriorly in a blunt point. Scutal 
setae poorly pectinate, two median shortest, posterior lateral ones longest. Pseudo- 
stigmata situated about middle of shield, below line uniting posterior setae and about 
twice their diameter apart. Pseudostigmatic organs filiform and, apparently, equal 
in length to posterior setae. ‘Two small clear areas, with irregular contour, between 
pseudostigmata and posterior shield margin. 

Ocular plate (fig. 14, b, ¢) bean-shaped, both eyes prominent, anterior larger, 
more convex. 

Ventral surface. Coxae I and II with prominent spur on each anterior corner 
of their distal edges. Two strongly pectinate setae on coxa I, one plain seta on 
coxa IT, 

Length :—o'82 mm. ; width, mm. 

Type host :—Hyla rubra (Daud.). 

Type locality :—Urucum, Matto Grosso, Brazil. 


HANNEMANIA STEPHENS I n.sp. 


Body. Roughly elliptical in shape. 

Capitulum, Palpi (fig. 15, c): one long, curved, pectinate seta on each second 
and third segments ; fourth segment bears three setae—one simple, one plumose 
and one apparently with a single barb, Thumb with five pectinate setae, two of which 
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plumose, and a long spine. Palpal claw with three curved prongs, two of them 
almost equal in length, size and shape, the other shorter, more slender. Chelcierae 
with outer row of nine or ten backwardly-directed teeth at apex of upcurved blade. 


TERZI~ 


Fic. 15. Hannemania stephensi n.sp. a.—dorsal shield; 6.—pseudostigmatic organ seen in 
profile ; c.—third joint of palpus; d.—body hair. 


Dorsal shield (fig. 15, a). Pentagonal, consisting of an anterior trapezoidal 
portion, twice as wide as long, joined to the base of a posterior triangular portion 
of equal length, with obtuse angle pointing caudad, rounded, and furnished with a 
thick chitinous rim, The six scutal setae are slightly pectinate, four of them—the 
shorter—in a line, along the almost straight anterior margin—one at each end, and 
one on either side of the middle line ; the other two, about as long as the shield, 
one at each corner formed by the union of the anterior divergent with the posterior 
convergent sides of the pentagon. Pseudostigmata cup-shaped (fig. 15, 4), situated 
in posterior portion, immediately below line uniting posterior setae, and about 
twice their own diameter apart. Pseudostigmatic organs filiform, slightly longer than 
shield. Close set punctuations pit the shield between the pseudostigmata and 
along the margin below the posterior setae, leaving, however, a clear area round 
each pseudostigma, 

Ventral surface. Both setae on coxa I strongly branched, seta on coxa IT with 
few short barbs. Abdominal setae (fig. 15, @) short, slightly curved and furnished 
with minute barbs on their convex edge ; somewhat longer and almost straight at 
posterior end of body. 

Length :—o-60 mm. ; width, 0-43 mm. 

‘Type host :—Fleutherodactylus gollmeri Boulenger. 

‘ype locality :—Tombador, Matto Grosso, Brazil. 


‘|| 
MM 
| 
YY 
| an: 
| In ¢ 
and 
and 
and 
COX, 
cury 
on 4 
| pect 
P alp 
short 
( 
decre 


129 


HANNEMANIA ELTONI usp. 


Capitulum. On base, two long, strongly curved setae with four barbs each. 
Palpi : one long seta with four barbs on second segment, one with shorter barbs 
on third segment, and three plain setae on fourth segment. Thumb with five 
pectinate setae and a stout, strongly curved spine. Palpal claw two-pronged, major 
prong slightly curved, accessory slender, almost straight. Chelicerae with outer 
row of about seven strong backwardly-directed teeth. 


Fic. 16. Dorsal shield of Hannemania eltoni n.sp. 


Dorsal shield (fig. 16). Roughly pentagonal, anterior margin somewhat convex 
in central third, posterior outline almost semi-circular. Scutal setae slightly curved 
and spiny. Pseudosgitmata circular, situated below line uniting posterior setae,. 
and slightly more than their own diameter apart. Pseudostigmatic organs filiform 
and about a fourth longer than shield. 

Ocular plate oval, anterior eye larger, but both strongly prominent. 

Ventral surface. Body setae almost straight and distinctly pectinate. Coxa I 
with sharp spur on anterior corner of distal edge and two strongly pectinate setae ; 
coxa IIT with one seta bearing minute spines on outer edge ; coxa III with one 
curved and pectinate seta. 

Legs. All trocanters each with one long, curved, strongly pectinate seta. 

Length :—o-80 mm.; width, 0-45 mm. 

‘Type host :—Rana sphenocephala (Cope). 

‘Type locality :—S,. Antonio, ‘Texas, U.S.A. 


HANNEMANIA DUNNI 


Palpi (fig. 17, c). On each second and third segment one long, pectinate seta ; 
on fourth segment three plain setae. Thumb conoidal, bearing four strongly 
pectinate setae and two plain rod-like setae, one of which shorter, but stouter. 
Palpal claw three-pronged, two larger, about equal in size and shape, the third - 
shorter, more slender. | 

Chelicerae (fig. 17, e). Outer row with about nine backwardly-directed teeth 
decreasing in size distally. 
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Dorsal shield (fig. 17, a) suggests the shape of an ovate birch or poplar leaf, 
broader than long, with base rounded, margin entire and apex blunt. Pseudo- 
stigmata quadrate with corners rounded, the space between them equals almost 
their own diameter. Pseudostigmatic organs filiform, about three-thirds the length 
of the shield. Area between pseudostigmata and down to posterior point closely set 
with minute punctuations. 


ric. 17. Hannemania dunni n.sp. a.—dorsal shield ; b.—ocular plate; 6’.—eyes seen from 
the side ; c.—palpus, ventral aspect ; d.—coxae I and II with stigma between ; e.—anterior end of 
chelicera with external row of teeth; f.—body seta. 


Ocular plate (fig. 17, b, b’) large, elliptical ; both eyes prominent and nearly of 
equal size ; distance from dorsal shield about half the width of latter. 

Ventral surface. Body setae (fig. 17, f) few, short and spiny. Coxae I and II 
(fig. 17, @) with sharp-pointed spurs at anterior corners of their distal-edges. Setae 
on first coxae strongly pectinate. 

Legs. With tarsal claws and empodium very slender. 

Length :—o-74 mm. 

Type host :—Desmognathus fuscus fuscus (Refinesque). 

Type locality :—Eastern United States of America. 


HANNEMANIA PATTONI, n.sp. 


Capitulum (fig. 18). Setae on base conspicuous, each bearing three long barbs. 
Palpi : on each second and third palpal segment, one long, plain, curved seta ; 
fourth segment bears one plain seta and two pectinate, each with six long barbs. 
Thumb conoidal with eight setae—three simple, five pectinate. Palpal claw three- 
pronged, middle prong stouter, longer ; accessory side-prongs about equal in size 
and length. Chelicerae with outer row of about ten backwardly-directed teeth at 
apex, 

Dorsal shield, Roughly pentagonal and as long as broad. Anterior median 
setae shortest, posterior lateral ones longest, all pectinate. Pseudostigmata circular, 
situated about the middle of the shield, immediately below line uniting two posterior 
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lateral setae, and separated by a distance equal to one and a half their own diameter. 
Pseudostigmatic organs filiform. 

Ventral surface. A strong prominent spur at the anterior corner of the distal 
edge of coxa. Setae on coxae I and III strongly pectinate ; seta on coxa II with 
two or three inconspicuous barbules. 


Fic. 18. Hannemania pattoni n.sp. Side view of capitulum. 


Legs. ‘Tarsi | and II bear each one stout rod-like seta, about one-third the 
length of the respective joint, and one or two tiny sensory spines. 

Length (not including capitulum) :—1-27 mm. ; width, o-80 mm. 

Type host :—Barborocoetes taentatus (Girard). 

Type locality :—Temuco, Chile. 


HANNEMANIA ARGENTINA n sp. 


Capitulum (fig. 19, a). Setae on base with five long barbs. Palpi : on second 
segment one long, curved, plain seta; on third segment, one long, curved seta 
with minute barbules on convex side ; fourth segment bears three pectinate setae— 
one with six barbs on convex side, one with five longer barbs and one with a single 
barb. humb conoidal in shape, with one simple and five pectinate setae. Palpal 
claw three-pronged, middle prong longest and stoutest. Chelicerae with outer row 
of about ten backwardly directed teeth at apex. 

Dorsal shield of pentagonal form, broader than long, with anterior margin almost 
straight, posterior rounded. Pseudostigmata circular, situated in posterior portion 
of shield, immediately below line uniting posterior lateral setae, and separated by a 
distance equal to their own diameter. The posterior lateral setae are about twice 
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as long as the anterior median setae and longer than the filiform pseudostigmatic 
organs. 
Ventral surface. Coxae I with strong, sharp spur at anterior corner of distal 
edge. Setae on all coxae equally pectinate. Tarsus I (fig. 19, 6) and II each 
with rod-like sensory seta about one-fourth the length of segment. 

Type host :—Pleurodema bibront (Tschudi). 

Type locality :—Rio Negro Territory, Argentina. 


Fic. 19. Hannemania argentina n.sp. a.—capitulum ; .—tarsus I. 
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PSORERGATES SIMPLEX AS A POSSIBLE 
FACTOR IN EPITHELIOMA OF THE SKIN 
AND MAMMARY GLANDS IN MURIDS 


BY 


LOUIS W. SAMBON, M.D. 


(Received for publication, 29 February, 1928) 


About two years ago, I had the opportunity of examining a vole 
(Microtus agrestis) exhibiting a small cancerous growth on one of the 
hind legs. Some mites collected from tiny cysts at the base of the 
growth proved to be specimens of Psorergates, a Cheyletid Mite first 
described by Tyrrel (1884), from the House Mouse (Mus musculus L.), 
inCanada. At the time, I attached no importance to the association 
between mite and tumour, because of the frequency of Psorergates on 
mice and voles and also because the acarians found on the cancerous 
Murid were not limited to the seat of the overgrowth. I dismissed 
any idea of connection, notwithstanding that already various kinds 
of mites had been incriminated as possible factors in the etiology 
of tumours in man and animals and that many others were known to 
be the cause of galls in plants. 

In 1780, in ‘ An Account of the Methods Pursued in the Treatment 
of Cancerous and Schirrhous Disorders and other Indurations,’ 
Justamond suggested that ‘ cancer might proceed from the introduc- 
tion of insects or their germina through the pores of the skin,’ and he 
instanced ‘the itch which, from Leeuwenhoek’s microscopical 
observations, has been shown to consist in numerous insects swarming 
on the surface of the skin.’ Professor Borrel’s indictment of the 
Demodicidae (1905) as causes of epithelioma of skin and mammary 
gland in man, dog and murids, is well known. In 1907, Borrel 
pointed out the frequent occurrence of small epithelial growths on the 
ears, nose and tail of rats brought about by acarians which burrow 
into the malpighian layer of the skin. The mites were not deter- 
mined, but there can be no doubt that they were either Notoedres 
muris (Mégnin), or Notoedres alepis (Railliet and Lucet). In IgIfo, 
Dr. Dahl reported the finding of Tarsonemid mites by Dr. Saul, of 
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Berlin, in carcinomatous tumours of man, horse, dog and mouse, 
and proposed the name of Tarsonemus hominis for the species found 
in a carcinoma of the ovary. Long before (1878), Dr. Corvino, of 
Milan, and Pierre Mégnin had noticed tumours under the wings of 
larks and cross-bills, produced by Sarcopterinus nidulans (Nitzsch). 
Teutschlaender, in 1921, ascribed to Cnemidocoptes mutans Robin, 
the formation of cancroids on the legs of fowls affected by ‘ scaly leg,’ 
and several authors, among them Mercier and Lebailly, have reported 
tumours in fowls associated with Laminosioptes cysticula (Vizioli), 
a mite of the subcutaneous connective tissues of birds, and with 
Cytodites nudus (Vizioli) which lives in the air passages of gallinaceous 
birds. 

Quite recently, while preparing a diagram that might show at a 
glance the various parasites known to be capable of giving rise to 
malignant tumours in rats and mice, I hesitated before including 
Demodex muscula Oudemans. 

When I visited the Bacteriological Institute of Strasburg, in 1924, 
Professor Borrel kindly presented me with several of his classic 
preparations showing the now well-known association between 
‘Cysticercus fasciolaris, the larva of Hydatigera taeniaeformis 
(Batsch) and liver sarcoma in rats (see the beautiful photographic 
reproductions of these sections in my Third Cancer Report, Jour. 
Trop. Med. & Hyg., August 16th, 1926). He also gave me sections 
of tumours in horse and other animals associated with different 
parasitic worms. Among them were sections of mammary carcinoma 
in mice brought about by a minute undetermined worm which I 
examined and found represented a new species and genus of 
Nematode. This I described in my Second Cancer Report (Jour. 
Trop. Med. & Hyg., February 2nd, 1925), under the name of Muspicea 
borreli. Finally, Professor Borrel gave me two sections of mouse 
mammary cancer labelled ‘ Demodex.’ These last, owing to lack 
of time, were not examined in Strasburg by either Borrel or myself. 
On my return home, I neglected them and of this I am ashamed, 
especially because I doubted the connection pointed out by Borrel. 
However, before drawing a Demodex on my diagram, I thought it 
well to examine Borrel’s ‘ Demodex’ slides and make sure of the 
connection, if any. To my great surprise, the first slide contained 
no acarian of any kind, but only fragments of a worm, probably 
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larvae of my Muspicea. The second also contained no Demodex, 
but it showed several small cysts filled with microtome-mutilated 
specimens of Psorergates simplex Tyrrel, among which rioted the 
carcinomatous growth. Obviously, the slides had been wrongly 
labelled. 

Psorergates simplex, like Sarcopterinus nidulans—a_ Cheyletid 
mite of larks and finches, lives in numerous colonies within small 
cysts beneath the skin of Murids. In each pocket are found both 
sexes and all instars, together with the cast off larval and nymphal 
skins. 


Fic. 1. Mammary carcinoma of mouse in apposition to acarian cyst or nest (A) containing 
numerous specimens of Psorergates simplex. 


The association of Psorergates and carcinoma twice observed, 
leads me to think that it should be pointed out, especially to those 
who are carrying out cancer investigations on laboratory mice. 
However, before doing so, I thought it advisable to show my 
material to several parasitologists and pathologists conversant 
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with either acarology or oncology. Among the many who have 
examined my material are Professors Warrington Yorke, Robert 
Newstead and Walter Scott Patton, Dr. T. Southwell and Mr. A. W. 
Noel Pillers, of Liverpool, Sir Lenthal Cheatle, Mr. Archibald Leitch, 
Drs. H. A. Baylis and H. B. Newham, of London. All have given 
me authority to state that they fully concur in considering Borrel’s 
section to be one of true carcinoma in apposition to cysts containing 
numerous specimens of Psorergates simplex. 


Fic. 2. Acarian nest (Fig. 1 A) enlarged and isolated, male, specimens of Psorergates 
simplex, dorsal view. 


The semi-schematic figures illustrating this paper were drawn 
from the microscope by Mr. A. Terzi, scientific artist in the British 
Museum (Natural History). 
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OPHIOPTES PARKERI, A NEW SPECIES 
AND GENUS OF CHEYLETID INHABITING 
THE SCALES OF REPTILES 


BY 


LOUIS W. SAMBON, M.D. 
(Received for publication, 29 February, 1928) 


I owe to Mr. H. W. Parker, herpetologist in the British Museum 
(Natural History), the advantage of being able to describe a new and 
interesting Cheyletid, specimens of which were found embedded in 
ophidian scales. Mr. Parker discovered this mite whilst studying 
the ‘ apical pits ’ of the dorsal scales of Evythrolamprus aesculapit (L.), 
a black and cinnabar banded Colubrid from Buenavista, Bolivia. 


Fic. 1. Dorsal scales of Erythrolamprus aesculaptt with pits made by Ophioptes parkert, n.sp. 


This ophidian mite represents not only a new species, but 
also a new genus of considerable interest. Each mite was found 
embedded in the heavily cornified layer of the scale, while the outer 
epitrichial layer, above the parasite, presented a perfectly round 
hole as if punched out with a railway-ticket punch. The pits 
excavated by the mites were usually single, but often two were seen 
close together on the same scale (fig. 1). They were either near the 
free edge, or at any other part, in many of the imbricated scales 
covering the dorsal surface of the snake’s body. The acarian, with 
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legs closely folded, was invariably enclosed in a kind of puparium 
provided with a stout rostrum, but devoid of locomotive appendages 
and curiously like a pentagonal pocket-flask in shape. The fully- 
formed mite, seen in every possible position, within its hyaline 
container, reminded one of a well-known scientific toy: the 
‘Cartesian bottle-imp.’ 

At first sight, this scale-inhabiting acarian suggested some new 
kind of Sarcoptoid mite to be placed between the Sarcoptidae which 
live in the corneous layer of the skin of mammals and the A nalgesidae 
which inhabit the quills and barbules of the feathers of birds, but, 
notwithstanding the presence of conspicuous cup-shaped suckers on 
tarsi, the microscope at once revealed unmistakable Cheyletid 
characters. Possibly the Sarcoptidae and Cheyletidae may be more 
nearly related than is indicated in our classifications, and more alike 
than can be explained by convergence. Already Oudemans, while 
considering the Demodicidae as derived from the Sarcopiidae, drew 
attention to their Cheyletid affinities. However, the presence of a 
quiescent nymphal stage with the formation of a legless puparium is 
certainly a fact of much interest. 

The aesculapian snake on which the new mite was discovered had 
swallowed a smaller snake, found partly digested in its stomach. 
It harboured several kinds of internal and external parasites ; its 
body cavity was crammed with immature Ascarids and, on one side, 
about the middle of the body, just beneath the skin, was a coiled-up 
Linguatulid—a nymphal form of Kirtcephalus coarctatus. 


Family CHEYLETIDAE 
Ophioptes, gen. nov. 


In general appearance resembles Psorergates. Capitulum 
prominent, palps massive, chelicerae long, needle-like and retractile, 
each provided with a row of very minute backward projecting 
denticles at distal end. Legs five-jointed, all alike and placed at 
equal distances along the sides of the body ; tarsi with wide cup- 
shaped sucker on short pedicle and long plumose empodium. 
Nymphal stage quiescent, embedded in the horny layer of reptilian 
scales; puparium with stout rostrum, but devoid of ambulatory 
appendages. 

Type species :—Ophioptes parkert n.sp., from dorsal scales of 
snakes. 
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Ophioptes parkeri, n.sp. 
Larva. Unknown. 
Nymph. Known only as Puparium. 


Puparium (fig. 2, a). Flagon-shaped (roughly pentagonal), thin, 
hyaline, transversely striate ; base truncate, sides almost parallel, 
anterior portion tapering neck-like and terminating in stout rostrum. 
Setules few, short, simple : dorsally—2 on vertex, directed forwards 
(fig. 2, c), 2 at posterior extremity, 6 in middle third of body, three 
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Fic. 2. Ophioptes parkeri,n.sp. (a) puparium, ventral view ; (b) capitulum, ventral view ; 
(c) capitulum, dorsal view. 


on either side, each one lower and more lateral ; ventrally—5 pairs, 
all in posterior third of body, disposed in four parallel longitudinal 
rows, two on each side of vent, inner with two setules, outer with 
three. Capitulum (fig. 2, b). Mandibles adapted for piercing ; 
maxillae with short bristle on ventral side; palps massive, con- 
sisting of two segments, proximal, bearing ventrally a prominent 
acuminate process with setule in middle of ventral side, and at its 
base, the terminal segment or ‘thumb’ with short sensory spine 
on tip. Tvacheal tubes discernible at base of capitulum (fig. 2, c) 
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ADULT. Only male known (fig. 3). Body quadrate, somewhat 
broader than long, convex dorsally, slightly concave below. Shin 
soft, finely striate. Margin of anterior end and sides scalloped by 
shallow sinuses into nine semi-circular lobes corresponding 
respectively to capitulum and eight legs. Sexual orifice at anterior 
end of dorsal surface, slightly above level of interval between first 
and second pairs of legs; penis long, cylindrical, lying internally 
along median line. Amnus: a longitudinal slit on ventral surface, 
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Fic. 3. Opbioptes parkeri, n.sp. Adult male, dorsal view. 


situated about its length from posterior end. Capitulum: con- 
stricted at base. Palps massive, proximal segment bearing short 
seta above and movable sensory rod on outer side, second segment 
terminating with a bunch of claws, two long spines, and a 
clavate sensory organ covered with spinules. Legs all alike, 
short, stout, and consisting of five conical joints decreasing in size 
from first to distal. On each penultimate joint a stout tactile rod ; 
on tarsi a cup-shaped sucker with short rounded pedicle, several 
spines or claws, some straight, others curved, and a remarkable 
empodium consisting of two axially continuous Y-shaped structures, 
the proximal larger, with short stem and conical pedicle, the distal 
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smaller, but with longer stem, arising from the fork of the first and 
all prongs furnished with tapering unilateral row of cilia. Setzles : 
Dorsally—6 hairs, almost as long as legs, springing, three on either 
side, one from each of three posterior lobes ; 8 pairs of setules at 
anterior end, round epiandrum, of which four very short and one 
slightly longer above orifice, all variously directed as in figure, and 
three below, somewhat longer, at level of second pair of legs ; 2 pairs, 
one on each side of body slightly above level of third pair of legs, and 
I situated somewhat lower in middle of back. Ventrally—3 pairs 
all in anal area, one above and two below vent. Legs : First pair— 
one long dorsal hair and one shorter on third joint, one short close 
to sensory rod on penultimate joint ; second pair—two hairs on 
proximal joint and one longer on third joint; third and fourth 
pairs—one long hair on each proximal joint. 

Measurements (from single specimen): Puparium, including 
rostrum, 0-48 mm. long, 0-42 mm. wide; rostrum 0-07 mm. long. 
Immature adult 0-34 mm. long, 0:26 mm. wide ; capitulum 0-1 mm. 
long, 0-09 mm. wide. 

Type host : Erythrolamprus aesculapit. 

Type locality : Buenavista, Bolivia. 

Specimens of Ophioptes from two new hosts reach me at the 
moment of going to press. The new ophidian hosts are : Letmadophis 
poectlogyvrus (Wied.), from the Paraguayan Chaco, and Clelia rustica 
(Cope), from Ajo, in East Argentina. The mites imbedded in the 
scales of Leimadophis poectlogvrus appear to be similar to those 
described from Evythrolamprus aesculapit, but those found on 
Clelia rustica differ in being larger, in having a shorter empodium 
and, instead of a cup-shaped sucker on each tarsus, two hollow 
divergent pads resembling the pulvilli of the House-fly. Moreover, 
they bear a conical, instead of clavate, sensory organ on the terminal 
palp-segment and four cone-shaped spines very similar to the ‘ noto- 
thoracic cones’ of the Sarcoptoids, but situated on the ventral 
surface: the first pair on a level with the first pair of legs, the second 
on a level with the space between the second and third pairs of legs. 
This new Argentine species, of which I have several specimens of both 
sexes, will be fully described in my paper on Ophidian Mites, mean- 
while, I propose giving it the name of Ophioptes oudemanst. 

The finding of three species of the genus Op/ioptes in snakes of 
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different genera, the combined distributional areas of which cover 
almost the whole of Central and South America (Nicaragua, Panama, 
Colombia, Venezuela, the Guianas, Ecuador, Brazil, Peru, Bolivia, 
Paraguay, Uruguay and Argentina), shows that this scale-inhabiting 
acarian may be expected from other Ophidian genera and, probably, 
also from other parts of the world. It is strange to find that so 
interesting a parasite should have escaped hitherto the attention of 
both the Ophiologist and the Acarologist. 
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STUDIES ON THE ETIOLOGY OF 
PHLEBOTOMUS AND DENGUE FEVER 


I INTRODUCTION 


BY 


I. J. KLIGLER 


(Department of Hygiene, Hebrew University, Jerusalem) 
(Received for publication 18 May, 1928) 


A considerable amount of confusion exists to-day with regard to 
the so-called fevers of short duration. Various unrelated fevers 
of short duration and obscure etiology are promiscuously classed 
under the name Phlebotomus, Dengue or Dengue-like fever according 
to their duration. Fevers lasting three to five days are generally 
called sandfly or Phlebotomus fever, while those of longer duration, 
the seven-day fevers, are grouped under the latter. At the bottom 
of this lack of precise definition of these diseases is the uncertainty 
concerning their etiology, an uncertainty which has increased 
considerably since the discovery of the variety of fevers of short 
duration caused by Leptospira. 

Analogy plays a prominent role in scientific investigation. 
The apparently close relationship between Phlebotomus and Dengue 
fevers and between the latter and yellow fever led many investigators 
including myself to look for a Leptospira as the cause of both 
Phlebotomus and Dengue fevers. Some authors, notably Couvy (1921) 
and Whittingham (1921) have actually reported the presence of 
such organisms in these diseases, while Vervoort (1922) and 
Vandervelde (1923) cultivated Leptospira from the blood of patients 
suffering from ‘ Dengue-like ’ fever. 

The nature and etiology of Phlebotomus fever has engaged my 
attention for a number of years, and while no positive progress has 
been made in the elucidation of this particular question a consider- 
able number of observations have accumulated during that time 
which warrant a critical analysis and definition of the problem as 
a whole. Further progress in the study of the etiology of this 
interesting and important disease (and the closely related disease 

143 


ne 
‘eit 
NS, 


144 


known as Dengue fever) cannot be made unless its definition is 
circumscribed and the claims with regard to the etiologic relation- 
ship of one or another virus are considered critically in relation to 
such definition. 

Definition of the Disease-—The conditions in Palestine favour 
a more precise definition of Phlebotomus as well as Dengue fever. 
Phlebotomus fever is endemic in the country and recurs annually 
in epidemic form in various parts of the country, particularly 
during periods of heavy immigration, the extent of the epidemics 
depending on the number of susceptible individuals. As a rule 
no newcomer, old or young, escapes ; sooner or later all are subject 
to an attack of this disease. The season of occurrence is from 
May to October and no other similar fevers of short duration (three 
days) occur during this period, certainly not in epidemic form. 

The influenzal and pharyngeal infections occur chiefly in the 
fall and winter, while infectious jaundice or atypical leptospiroses 
have until now not been observed. Dengue fever is not endemic 
in Palestine and recently no well-defined indigenous cases have 
been noted. In 1927 a severe epidemic of this disease broke out 
and spread over the northern part of the country. These facts 
facilitate a systematic study and differentiation of these two diseases ; 
moreover, a study of their etiology can be undertaken with the 
fair certainty that no other diseases of similar symptomatology 
are confused with them. 

Phlebotomus fever.—In Palestine Phlebotomus or sandfly fever 
is a disease lasting three days. In exceptional cases the temperature 
may continue until the fourth day. It is characterised by sudden 
onset with more or less severe frontal headache. Following this 
there is a rapid rise in temperature associated with increasing 
headache, pain in the lumbar region, muscular pain all over the 
body and particularly in the limbs. The face is flushed, the con- 
junctiva injected and the eyes glistening and as a rule sensitive to 
light. The tongue is coated and the edges clear. The temperature 
reaches a maximum on the second day and drops by crisis or lysis 
on the third, so that by the end of the third day it is again normal. 
The pulse is at first somewhat accelerated, though it does not 
follow the temperature and with the beginning of the subsidence 
of the temperature it becomes slower and fuller than normal, often 
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registering only 45 to 50 beats. The spleen is never enlarged. 
Almost invariably the fever is followed by a period of general mental 
and physical depression and lack of appetite, during which more or 
less marked gastric disturbance exists. This condition may last 
one to two weeks. Sometimes other sequelae such as diarrhoea 
occur ; in two cases a passing hematuria was noted. As a rule 
there is only one attack ; occasionally, however, cases may relapse 
two to four weeks after the first attack ; rarely there may be even 
a second relapse. After such an attack people who remain in 
the country are rarely subject to a new attack. 

The clinical pathology of the disease is not specific but is 
characteristic and constant. There is always a leucopenia on the 
second day, ranging between 4,000 and 5,000 per cubic millimetre 
with a relative monocytosis. The leucopenia and bradycardia 
differentiate the disease from malaria while the short duration 
differentiates it from the enteric fevers. In a number of cases 
we have noted that the serum was distinctly yellow ; but externally 
there was no indication of this fact. The sclera are always clear 
and no bilirubin is demonstrable in the urine. The icteric condition 
of the serum is, however, of interest. The urine is normal although 
a transient trace of albumin may appear at the height of the fever. 

Seasonal Occurrence : Epidemiology.—Papatasii or Phlebotomus 
fever occurs during the season when Phlebotomus papatasii are 
present. Cases follow about seven to ten days after the first insects 
make their appearance. Their appearance is signalised first by 
the rash caused by their bites and shortly thereafter by cases of fever. 
The dermatologists are the first to become cognisant of the appearance 
of sandflies. The time of appearance varies in different places 
according to temperatures. In Jericho the first brood hatches 
early in April ; in Jerusalem, early in May ; in Haifa, at the end of 
April. The epidemic season extends from May to October with 
two peaks, one towards the end of June ; the other in September ; 
the major epidemic occurs in June and July. With the disappearance 
of Phlebotomi cases promptly disappear. 

In nearly every detail then the clinical picture of the disease 
as well as its epidemiology correspond with the classical description 
given by Doerr and his associates (1909). It is a well-defined 
disease in its seasonal occurrence, duration and symptomatology. 
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Dengue fever.—Equally well-defined is Dengue fever as it 
appeared in Haifa towards the end of 1927. It was a fortunate 
coincidence that the epidemic of Dengue did not strike Haifa until 
about October 20—towards the very end of the Phlebotomus 
season—reached its height in the middle of November and continued 
until early in December. It extended, therefore, into a period 
when Phlebotomus fever could be definitely excluded. The Dengue 
epidemic was introduced from Beirut, Syria, where the disease is 
probably endemic and where a severe epidemic outbreak occurred 
during September and early October of 1927. The first cases in 
Haifa were traced to people who had visited Beirut and had developed 
the disease within a few days after their return. 

The epidemic spread with remarkable rapidity. During six 
weeks it swept the whole town. At least three-fourths of the new 
population were attacked, irrespective of age, sex, or length of 
residence in the country. The summary in the accompanying table 
is typical of what occurred in the city as a whole. Time did not 
permit an extensive epidemiologic study and cases were not reported 
to the Public Health Department. 


Taste I. 


Summary of a few houses indicating extent of epidemic and rate of spread. 


Number 
House Number —__attacked | Date last case Ages 
number of people | up to Date first case at time of 
inhouse | date of visit investigations 
| 
I 12 | 9 End of October | 20th November 10-40 
2 13 | 8 End of October | 22nd November 2-63 
3 4 | 2 21st November | 21st November 27-30 
4 7 | 5 20th October 17th November 2-32 
| 
5 5 | 3 17th November | 19th November 13-33 
| 
6 4 | 4 18th October 13th November 25-65 
| 
45 | 31 18th October 22nd November 2-65 


| 
| | | | 
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In its general manifestations Dengue fever resembled Phlebotomus 
fever very closely. There were, however, essential differences. 
The disease was always of longer duration and the symptoms of 
greater intensity. The onset was the same as in Phlebotomus fever, 
but muscular pain as well as pain in the lumbar region were more 
severe. Often there was extreme weakness in knees and limbs. 
The fever lasted six days, sometimes seven, never less. After 
three days there was often a remission but this was not always 
the case. Usually on the third or fourth day there was a more or 
less marked exanthem and invariably marked dermography. 
Epistaxis and bleeding were more common than in Phlebotomus 
fever. The gastric symptoms also were more pronounced ; the 
tongue was heavily coated and the patient often complained of 
a bitter taste. The bradycardia was the same as in Phlebotomus 
fever and so was the leucopenia, but the monocytosis was more 
pronounced and striking. The large mononuclears rose markedly 
and subsided rapidly with subsidence of the fever. Occasionally 
a mild subicteric tinge in the sclera was noted, and in most of the 
cases studied the serum had a distinct yellow tint. 

The following are two typical blood counts. 


Taste II. 
Day | Differential 
Patient of W.B.C. 
Illness Neutrophils Lymphocytes Mononuclears Eosinophils 
R. | 4th 2,500 | 43 39 16 I 
sth 3,200 47 36 | 13 2 
6th 4,200 | §2 37 | 10 I 
7th 5,600 | 58 31 | 8 2 
8th 6,400 | 57 31 8 I 
E. ...| 2nd 3,800 | 55 34 | 10 4 
3rd 3,100 | 44 | 41 | 14 14 
5th 35700 | 50 38 | 11 I 
| | 


Dengue fever, as it appeared in Palestine, differed then from 
Phlebotomus fever in several essential respects. It occurred during 
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the season when Phlebotomus breeding was at an end. Its seasonal 
occurrence was, therefore, related to another insect (Aédes aegypti 
were still breeding actively). The duration of the fever was 
regularly six days instead of three. It was accompanied by a more 
or less marked exanthem. The other symptoms though the same 
as in Phlebotomus fever, were generally more severe. Finally it 
attacked all inhabitants, including those who had undoubtedly 
acquired a solid immunity to Phlebotomus fever. 

The two diseases as they appear here are, therefore, distinct 
entities, though undoubtedly closely related. The differences in the 
mode of transmission, in the duration of the fever, in the severity 
of the symptoms and finally in their immunologic relationship, 
suffice to separate the two fevers. On the other hand the similarity 
of the symptoms and sequelae suggests a close relationship between 
their respective viruses. 

Etiology.—Both diseases are caused by so-called  filterable 
viruses. The classic work of Doerr (1908, 1909), as well as that by 
Birt (1913), established the fact that the virus of Phlebotomus fever 
is present in the blood stream during the first day of the illness 
and that it passes through a Berkfeld filter. The same facts 
have been established for Dengue fever by Ashburn and Craig (1907), 
Siler, Hall, and Hitchens (1926), and others. These facts we have 
established for each of the two diseases as they occur in Palestine 
by the direct transmission of the disease by inoculation of filtered 
serum to human volunteers. 

The nature of the virus is still, however, obscure. In the last few 
years a number of authors have reported the presence of Leptospira 
in cases of Phlebotomus fever and Dengue fever. Couvy (1921), 
working in Beirut, Syria, reported the presence of a_ delicate 
spirochete in the blood of patients suffering from Dengue and 
Phlebotomus fevers. His cases are not well-defined and it is at times 
difficult to say whether they were the first or the second or both. 
According to him, the spirochetes were present in the blood in large 
numbers beginning several hours (3 to 24) before the onset, and 
continuing up to 48 hours after. He also found these spirochetes 
in rabbits infected with macerated Phlebotomus, but failed to transmit 
the disease further. Similar results were obtained by him in cases 
of Dengue tever. In the same year Whittingham (1921) cultivated 
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a Leptospira from the blood of six cases of supposed sandfly fever 
in Malta. According to the author the cases were atypical, some 
of them showing definite jaundice, but in general similar to the 
cases of sandfly fever as they occur in Malta. In 1922 and 1923, 
two workers in the Dutch East Indies, Vervoort (1922) and 
Vandervelde (1923), found Leptospira in three to five-day fevers 
resembling Phlebotomus or Dengue fever. These authors also 
noted jaundice in one of the cases. 

Siler, Hall, and Hitchens (1926), working evidently with true 
Dengue, as well as Chandler and Rice (1923), failed to demonstrate 
either culturally or microscopically any organism resembling 
a Leptospira. Similar failure has been the result of my long and 
intensive labours during the last five years with cases of Phlebotomus 
fever. Material of at least forty selected cases taken during the 
first day of illness has been studied by means of direct blood examina- 
tion, cultures and animal inoculations. Except for an occasional 
contamination the cultures have always remained sterile and no 
febrile condition similar to the human disease could be produced in 
over 200 guinea-pigs inoculated during this period. 

Two possibilities present themselves. Either the workers 
referred to above have been working with diseases resembling 
but not identical with these two well-defined fevers; or else the 
technique employed by the workers in the Philippines and myself 
has been in some respects faulty. The original reports by Couvy 
indicate considerable vagueness as to the nature of the disease with 
which he was working. He worked with both simultaneously. The 
fact that he found the spirochetes freely and in relatively large 
numbers in the circulating blood by direct examination appears 
strange in view of the difficulty usually encountered in other lepto- 
spiral diseases. Whittingham states that ‘some of the cases 
investigated (by him) showed slight leucocytosis, some relapsed, 
one even developed jaundice.’ Obviously he was not working with 
a well-defined entity such as we see in Palestine. The same is 
obviously true of thé cases reported by the Dutch workers. 

Nevertheless, in view of the fact that Leptospira are known to 
cause fevers of short duration without jaundice, it was decided to 
study this question again more systematically. It seemed important 
to ascertain definitely the validity of the leptospira theory. As 
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a preliminary to this investigation a detailed study was undertaken 
of the physical and biochemical properties of many strains of 
Leptospira derived from various sources. With this study as a basis 
the possible etiologic relation of an organism of this genus to 
Phlebotomus and Dengue fevers as known here was studied anew. 
The results of these investigations will be presented in the series of 


papers which follow. 
SUMMARY 


The characteristics of Phlebotomus and Dengue fevers as 
they occur in Palestine are defined. It is pointed out that 
the two diseases are distinct and well-defined entities in respect 
to season of occurrence, duration of the illness, severity of symptoms, 
and immunology. The former occurs during the season (May to 
October) when Phlebotomus papatasi prevails, lasts three days, is 
caused by a filterable virus, and confers definite immunity. The 
latter occurred here during a season when sandflies had practically 
disappeared, the fever lasted six days, it was caused by a filterable 
virus and attacked people who had acquired a solid immunity to 


sandfly fever. 
The relation of Leptospira to these diseases is considered and 


attention called to the failure of the author to detect Leptospira in 
cases of Phlebotomus fever or to transmit the disease to guinea-pigs. 
In view of the positive results reported by some investigators it was 
decided to study the problem anew. 


REFERENCES 


Asupurn, P. M., and Craic, C. F. (1907). The Etiology of Dengue Fever. Philippine Fl. of 
Sctence, Vol. II, p. 93. 

Birt, E. (1913). Phlebotomus Fever and Dengue. Trans. Soc. Trop. Med. & Hyg., Vol. V1, p. 243. 

Cuanpter, A. C., and Rice, L. (1923). Observations on the Etiology of Dengue Fever. American 
¥1. Trop. Med., Vol. III, p. 

Covvy, L. (1921). Etiologie de la fiévre a Phlebotomes. Bull. Soc. Path. Exot., Vol. XIV, p. 447. 

Doerr, R. (1908). Uber ein Neues Invisibles Virus. Berl. Klin. Wochenschrift, Vol. XLV, p. 1,847. 

Franz, K., and Tavsstc, S. Das Pappatacifieber, Leipzig und Wien, 1909. 
and Russ (1909). Weitere Untersuchungen iiber das Pappatacifieber. Arch. f. Schiffs-und 

Tropenhyg., Bd., XIII, p. 693. 

Pick, A. (1886). Zur Pathologie und Therapie einer Eigentiimlichen Endemisch. Krankheitsform, 
Wien. Med. Wochenschrift, Vol. XXXVI. 

Sier, Harz, and Hrrcnens (1926). Dengue: Its History, Epidemiology, Mechanism of Trans- 
mission, Etiology, Clinical Manifestations, Immunity, and Prevention. Monograph No. 20, 
Bureau of Science, Manila. 

Van vER VeLpE, E. (1923). Spirochetosis in Tropical Fever. Gen. Tijdschr. v. Med. Indié., Vol. 
LXII, p. 63. 

Vervoort, H. (1922). Spirochaeten bij Acute Koortzige Ziekten von Onbekenden Oorsprong in de 
Tropen. Gen. Tijdschr. v. Ned. Indié., Vol. LXII, p. 697. 


ae 


i 
| 


STUDIES ON THE ETIOLOGY OF 
PHLEBOTOMUS AND DENGUE FEVER 


Il. ISA LEPTOSPIRA THE CAUSATIVE VIRUS 


BY 


I. J. KLIGLER 


AND 


M. ASHNER 
(Received for publication 18 May, 1928) 


In the preceding paper we summarised briefly the nature and 
epidemiology of Phlebotomus and Dengue fevers as they exist in 
Palestine. Mention was made of the repeated failure on the one 
hand to detect Leptospira either in the direct blood examination 
or in blood cultures from sandfly fever patients and on the other to 
transmit the virus to guinea-pigs. 

In view of the failure to confirm the results reported by 
Couvy (1921), Whittingham (1921), Craig (1920), and others, and 
of the importance of determining definitely the etiologic relation, 
if any, of Leptospira to Phlebotomus and Dengue fevers, it seemed 
desirable to attack the whole problem anew and perhaps more 
systematically. As a preliminary step in this investigation we 
studied the physical and biochemical properties of Leptospira as 
well as the conditions favouring their cultivation from and detection 
in the blood of infected animals. The purpose of this study was to 
devise methods which would facilitate our detection of a related 
virus, should such exist in the blood of patients in the diseases 
under investigation. The technique developed (Kligler and Ashner, 
1928) as a result of these studies was then applied to the problem on 
hand. Simultaneously with our attempts at the detection and 
identification of the virus in the blood of patients we also undertook 
a systematic search of the virus in insect vectors caught in infected 
houses as well as in those artificially infected. Finally we studied 
the infectivity and survival of pathogenic and saprophytic Leptospira 
in the respective vectors of these diseases (Phlebotomus papatasi 
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and Aédes aegypti). It was hoped that this many-sided attack 
would throw light on the etiologic relationship of these organisms 
to the diseases in question. The results of these studies form the 
subject of this paper. 

Attempts to detect the virus in the blood of patients.—Our studies 
on the Leptospira referred to above have shown that these organisms 
can be detected in infected animals with fair constancy by fractional 
centrifugation as well as by certain culture technique. These 
methods were used in our study of the material obtained from 
patients of sandfly or Dengue fever. In accordance with the 
consistent findings by various investigators (Doerr 1908, Igo9, 
Ashburn and Craig 1907), that the virus is present in the circulation 
only during the first and second days of fever only such material 
which was obtained early in the disease (during the first twenty-four 
hours in the former and forty-eight hours in the latter) was studied.* 

Citrated or defibrinated blood was taken from each patient. 
In some instances both were taken. As soon as the blood was 
brought to the laboratory it was treated as follows : direct cultures 
were made in Noguchi’s leptomedium, and in Locke solution semi- 
solid and in glucose agar semi-solid containing 10 per cent. rabbit 
serum. Direct examination was also made of fresh material under 
the dark field microscope and of preparations stained by Giemsa 
and Fontana. The blood was then centrifugalised at low speed 
(1,000 to 1,500 revolutions) for five to ten minutes to remove red 
cells. Cultures, stained preparations, and dark field examinations 
of the supernatant fluid were made. Finally the supernatant 
fluid was centrifugalised at 3,000 revolutions for about two hours, 
and the sediment examined for Leptospira under the dark field 
and in stained preparations. The method of fractional centrifugation 
has been found by Schiiffner and Sieburg (1926) as well as ourselves 
to reveal Leptospira even when present in small numbers. In one 
of our experiments we found Leftospira in the sediment when there 
were twenty organisms per cubic centimetre of blood. The virus 
of Phlebotomus fever is present in much higher concentration, 
since O-1 c.c. of filtered serum has been found sufficient to produce 


* We are grateful to Doctor Rokach for supplying blood from cases of Phlebotomus Fever, and 
to the Medical Staff of the American University of Beirut, for assistance in obtaining blood from 


Dengue patients. 
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an infection in a human volunteer. Cultures were also made from 
the clot and sedimented red cells, which gave consistent positive 
results in our preliminary studies on the cultivation of Leptospira 
(Kligler and Ashner, 1928). 

The cultures were always divided into two sets. One was 
kept under aerobic conditions, while the other was put up under 
anaerobic conditions in the Smilie jar. All the cultures were 
incubated at 30° C. for varying periods and examined from time 
to time under the dark field as well as by various staining methods. 

Phlelotomus fever.—Blood was obtained from sixteen patients 
during the first twenty-four hours and from two about thirty hours 
after onset. The first twelve of the series were put up under aerobic 
as well as anaerobic conditions while the material from the last 
six cases was cultivated only aerobically. Twelve to twenty tubes 
of the different media mentioned were set up from each case. 

The results were entirely negative in so far as Leptospira were 
concerned. Neither the fresh nor stained preparations, nor the 
fractional centrifugalisation, nor the cultivation in various media 
revealed the presence of Leptospira or any organism resembling 
them. Most of the culture tubes remained absolutely sterile even 
after a month. In many instances sub-cultures were made from 
the original culture tubes to fresh semi-solid media one and two 
weeks after incubation. These subcultures also remained sterile. 
In a few tubes contaminating organisms were found but the type 
varied considerably. In cases 2 and 7 a streptococcus was obtained 
in several tubes of the aerobic as well as anaerobic cultures. In 
cases 8 and II interesting gram positive minute organisms were 
obtained. The one isolated from case 8 had a particularly interesting 
pleomorphic morphology, and once it was filtered through a Berkfeld 
candle. None of these organisms showed any serological relationship, 
nor did they react with sera from convalescents. 

Dengue feverv.—Material was also studied from nine selected 
cases of Dengue fever, four from Syria and five from Haifa. The 
blood from Syria was taken between September 30 and October 3. 
The blood was taken between fifteen and thirty hours after the 
onset of the disease. Cultures in various semi-solid media were 
made on the spot while defibrinated and clotted blood was brought 
back to the Jerusalem laboratory for further study. A transmission 
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experiment to a human volunteer with filtered serum proved that 
the virus was still active four days after the blood was taken. 

The Haifa material was taken during November 22 to 23, 1927. 
Cultures were made at the bedside, and clotted and defibrinated 
blood taken to Jerusalem for further study. The blood was examined 
in the Jerusalem laboratory November 25. The blood was taken 
twenty to forty-eight hours after onset. The cases were all typical. 

The procedure was similar to that used in the cases of sandfly 
fever. Cultures were made from the serum, sediment and clot. 
The supernatent serum was examined under the dark field and 
then sedimented two hours at 3,000 revolutions. The sediment 
was examined under the dark field and in preparations stained 
with Giemsa and Fontana. In no case were leptospiva found in 
either sediment or cultures. A few of the tubes became contaminated 
but the great majority remained sterile. In cases 3 and 4, a few of 
the tubes showed diphteroids. No other organism was found. 


EXAMINATION OF SANDFLIES 


Examination of Wild Flies.—Wild flies caught in various infected 
houses were examined in a number of ways. Large batches of 
flies (100 to 300) were sterilised by washing first rapidly in alcohol 
and ether and then several times in sterile saline. After thorough 
washing they were triturated in normal sterile saline, centrifugalised 
at low speed (1,000 to 1,500 for five minutes) to remove large 
particles, and the supernatant material studied under the dark 
field and in stained preparations. The supernatant material was 
then divided into two parts, one of which was filtered through 
a Berkfeld candle for culture, and the other sedimented at high 
speed for microscopic examination The sediment was examined 
under the dark field and in stained preparations. Cultures were 
also made of the clear supernatant fluid on blood agar plates, blood 
agar slants and in semi-solid media. 

The results were entirely negative. No Leptospira were found 
either in the fluid, sediment or semi-solid cultures of the filtered 
material. Several thousand triturated flies taken from infected 
houses have been examined and in no case have Leptospira been 
detected. 
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The blood agar cultures of the triturated flies consisted chiefly 
of gram negative bacilli. Most of the colonies were of the aerogenes 
types. In a few cases peculiar pleomorphic diploid-oval bacilli, 
sometimes in clumps, were obtained. Two of these cultures 
agglutinated with convalescent human serum. They were not 
pathogenic for animals and non-filterable. We have found that 
normally the gut and glands of the sandfly are practically free 
from bacteria and have, therefore, undertaken a systematic study 
of the normal flora of sandflies in order to compare it with that of 
artificially infected insects. 

Aerobic as well as anaerobic cultures of filtrates from Berkfeld 
and Zeitz filters of suspensions of triturated flies were consistently 
negative. 

In order to give a better idea of the procedure employed it 
may be well to cite the protocol of a typical experiment : 

Experiment A.—320 flies taken in infected houses were killed 
by vigorous shaking, sterilised in alcohol and ether and washed in 
saline. They were then triturated in 15 c.c. sterile saline and 
centrifugalised for 30 minutes at 3,000. The supernatant fluid 
was examined under the dark field and preparations were stained 
with Giemsa and Fontana. The material was then again centri- 
fugalised for 30 minutes at 3,000 revolutions, and the supernatant 
fluid and sediment examined microscopically as above. Aerobic 
and anaerobic cultures were made of the supernatant fluid. One c.c. 
of the fluid was inoculated into a guinea-pig 160 gms. in weight 
and 2 c.c. intravenously into a rabbit. The material was then 
filtered and the filtrate cultured in Noguchi’s leptospira medium, 
glucose and Locke semi-solid with serum under aerobic and anaerobic 
conditions. Blood agar plates were also made. 

The unfiltered cultures contained a mixture of a gram negative 
bacillus (aerogenes) and a diphteroid-like pleomorphic organism. 
The tubes were examined at various intervals for a period of four 
to six weeks, but no Leptospira were found. 

In addition, 140 wild caught mosquitos from the same infected 
houses were dissected individually. The stomach and_ glands 
were dissected out separately, teased out on slides dried in the air, 
fixed and stained with Giemsa and Fontana. Neither Leptospira, 
bacteria nor organisms of any kind could be detected. In one fly 
a sporozoon was found. 
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Experiments with artificially infected flies—Wild caught or 
laboratory bred flies were fed on patients during the first day of the 
illness and kept for periods of four to ten days. Most of the flies 
were kept six to nine days after the feed. At intervals these flies 
were either dissected and stained as above, or else fixed, imbedded 
in paraphine, sectioned and stained with silver, hemotoxylin or 
Giemsa. In none of these flies could Leptospira be detected. Thirty- 
four infected flies were sectioned and twenty-five dissected. The 
results were uniformly negative. 

Survival of Leptospira sp. in Sandflies and Stegomyta.—TIn 
connection with his studies on Yellow Fever in West Africa, one 
of us (Kligler, 1926) has already shown that Leptospira icteroides 
failed to survive in Stegomyia more than twelve to sixteen hours. 
It seemed important to ascertain the fate of these organisms in 
Phlebotomus papatasit and Aédes aegypti in Palestine. Twelve 
distinct experiments were made with Phlebotomus. Laboratory bred 
sandflies were fed on mixtures of leptospira culture and blood as 
in the Stegomyia experiments referred to above, and then dissected 
at various intervals and the contents examined under the dark field 
microscope. The following experiments are typical : 

EXPERIMENT I.—Five flies fed on November 5/26, at 12 noon, on 
a mixture of blood and a strain of Leptospira isolated from 
water ; the flies were kept at 20° C. 
On November 6, at 10 a.m., many active Leptospira and 
few dead forms found. 
On November 7, at 9 a.m., few Leptospira still alive but 
sluggish, most dead. 
On November 7, at 4 p.m., no live forms found. 
EXPERIMENT II.—Ten flies fed on November 15, 4.30 p.m., on 
a mixture of L. icteroides and blood and kept at 25° C. 
On November 16, at 9 a.m., still quite active ; some dead 
forms. 
On November 16, at 10 a.m., blood meal on man. 
On November 16, at 4 p.m., same as in the morning, many 
active forms, some dead. 
On November 17, at 10 a.m., only dead Leptospira found. 

Similar experiments with other strains of Leptospira gave the 

same results. 
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EXPERIMENT VII.—In one experiment, fifteen flies were fed on a 
culture suspension and examined as follows at various 
intervals after their feed. 

The protocol follows : 

On 20.1.27, fifteen flies fed on mixture of L. icteroides 
cultures and g.-p. blood. 

On 21.1.27, eight flies more fed on mixture of L. tcteroides 
cultures in g.-p. blood. 

On 23.1.27, seven flies more fed on mixture of L. icteroides 
cultures in g.-p. blood. 

On 27.1.27, ten flies were macerated, centrifugalised first 
at low and then at high speed and examined under the 
dark field microscope. 

On 31.1.27, six flies dissected individually, the organs 
macerated, centrifugalised at high speed, and the sediment 
studied. 

In no case were Leptospira seen. 

The longest survival time of Leptospira in the sandfly is, therefore, 
about thirty-six to forty-eight hours. The time of survival is 
a little longer than in the Stegomyia, due most probably to the 
slower digestion of the blood in the Phlebotomus. 

A similar series of experiments were made with Stegomyra. 
The results confirmed in every detail those obtained by Kligler (1926) 
in West Africa. 

Discussion.—The reported discovery of a Leptospira in cases of 
yellow fever by Noguchi (1918), led many investigators to look 
for a similar organism in sandfly and Dengue fevers. The close 
etiologic, clinical and epidemiologic relationship between sandfly 
and Dengue fevers and between the latter and yellow fever would 
naturally suggest that the viruses of these three diseases are 
intimately related. All three diseases are caused by so-called 
filterable viruses which are present in the circulation only during 
the first twenty-four hours in the first disease and forty-eight hours 
in the other two. They are transmitted by insects, the last two 
by the same insect. The length of the incubation period, character 
of onset, leucopenia, monocytosis, bradycardia, are common to 
all three. All three are known as acclimatization fevers in places 
where these diseases are endemic and where not the epidemic out- 
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breaks are sudden, acute, and spread with remarkable rapidity. 
It is apparent, therefore, why Leptospira were looked for in diseases 
so closely related to yellow fever. 

The results of the investigation reported in this paper seem 
to us adequate proof that the virus of sandfly as well as that of 
Dengue fever is not a Leptospira. The repeatedly negative results 
obtained by one of us over a period of years in the cultivation and 
transmission experiments with the virus of Phlebotomus fever ; the 
failure to cultivate or detect Leptospira in eighteen cases of sandfly 
fever and nine cases of Dengue fever even with the improved tech- 
nique developed by us; the inability to detect Leptospira in several 
thousand flies taken from infected houses ; and the absence of any 
organisms resembling LePtospira in sandflies fed on patients and kept 
for four to ten days, render it very unlikely that the virus in question 
is a Leptospira. Finally, the inability of Leptospira sp. to survive 
more than sixteen hours in Sfegomyia and more than forty-eight 
hours in Phlebotomus papatasi makes it still more difficult to believe 
that these insects are the natural vectors of organisms belonging to 
this group. 

It is conceivable, of course, that the viruses of these diseases, 
though Leptospira, differ from the known varieties of this group of 
organisms so that they are not cultivable but are able to develop 
readily in insects. It is hardly likely, however, that they would 
differ from known species even in their physical properties. The 
known Leptospira are readily sedimented by centrifugation, so 
much so, that it was possible to detect them in the sediment when 
there were only twenty organisms per cubic centimetre. In our 
present studies, blood from fourteen cases of Phlebotomus fever 
and nine cases of Dengue fever was subjected to fractional sedimenta- 
tion and, although transmission experiments showed that the 
virus was present in much greater concentration than twenty 
organisms per cubic centimetre, at no time were organisms resembling 
Leptospira discovered. It is equally difficult to account for the 
failure to detect Leptospira either in the wild flies taken in infected 
houses or in the flies fed on patients and kept up to ten days after 
the feed, a period known to be adequate to render the flies infective. 

It appears, therefore, that we may definitely conclude that 
the causative virus of Phlebotomus fever, as well as that of Dengue 
fever, are not Leptospira. 
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Transmission experiments carried out thus far confirm the 
results of other investigators that the causative virus of these 
diseases is filterable even through carefully controlled \ filters. 
At the same time the failure to obtain a visible organism by prolonged 
centrifugation or by tne other procedures mentioned would indicate 
that the organisms in question in all probability belong to the 
class of ultravisible viruses. 
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The species I’*tlaria nodulosum Rud., 1819, from the subcutaneous 
tissue of birds of the family Lamidae was removed by Professor 
Skrjabin, one of the authors, in 1g16, into the new genus HAMATO- 
SPICULUM, erected by him, a type of which is the species Hamato- 
spiculum insignis (Schneider, 1866). In 1926 Yorke and Maplestone 
placed the species /vlaria nodulosum in the genus CONTORTOSPICULUM 
Skrjabin, 1916, but other authors have left it in the genus HAMATO- 
spICULUM. According to Yorke and Maplestone, the two genera in 
question belong to two different sub-families—HAMATOSPICULUM to 
FILARINAE, and CONTORTOSPICULUM to SETARUNAE. At the present 
moment we are engaged on a monograph on the parasitic worms 
collected from birds of the family Lamidae in different districts of 
among which nodulosum is represented in rather 
large numbers. In connexion with it, the question of the precise 
systematic position of this species in the system of TILARIIDAE 
arises ; this difficulty is solved by us by the erection for this parasite 
of a special genus PARHAMATOSPICULUM n.gen.—referred by us to the 
sub-family SETARIINAE Yorke and Maplestone, 1926. In the present 
paper we give a new description of this parasite, based upon our new 
material, and state our reasons for placing this nematode into a new 


genus. 
STATISTICS IN S.S.S.R. 


Parhamatospiculum nodulosum (Rud., 1819) was found in the sub- 
cutaneous tissue of the following species of birds :—Lanius collurto 
(8-8 per cent. of invasion), Lantus minor (24:2 per cent.), Lantus 
excubitor (8-3 per cent.), Lanius grimt (33:3. per cent.), Otomela 
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Fic. 1. DParbamatospiculum nodulosum (Rud., 1819). Female, cephalic end. 


Fic. 2. Parhamatospiculum nodulosum (Rud., 181g). Anterior extremity, end-on view. 
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tsabelina (5:2 per cent.) and Ofomela phoenicutotdes (10-3 per cent.) 
Out of the general number of 219 birds of the family LANIIDAE, 
investigated by us, the species Parhamatospiculum nodulosum was 
detected in the subcutaneous tissue of 29 (13:2 per cent.) birds. 
This parasite is recorded from the following districts of S.S.S.R.: Don 
District, Armenia and Turkestan. 


DESCRIPTION OF THE SPECIES 


Large nematodes, of a light-grey colour, slightly narrowed in the 
direction of the cephalic and caudal ends. Surface of cuticle smooth. 
The anterior end of the body is covered with a particular cuticular 
cephalic disc, which has a transversally oval form. The mouth- 
aperture opens terminally and is surrounded by a _ circumoral 
hexangular, cuticular collar, on the sides of which are situated two 
large lateral papillae. On the sides of the circumoral hexangular 
collar are placed two lateral epaulett-like structures. Each 
epaulette-like formation is trifurcated ; one of the lobes, the median, 
is short and lateral, the two side-lobes are larger and symmetrical, 
one of them is latero-dorsal, the other is latero-ventral ; they have a 
smooth external surface and a sharply excavated internal surface. 
On each median lobe of the epaulette-like formations is one sessile 
papilla, whereas on the latero-dorsal and latero-ventral lobes are 
two sessile papillae, one of which is near the base, the other, the 
larger one, near the tip of the lobes. 

The cylindrical oesophagus is in the male 1/4-2, and in the female 
1/g-4 of the total length of the body. The anterior part of the 
oesophagus, to the level of the nerve-ring, is very narrow. 

The male is 25 to 30 mm. in length, with a maximum breadth of 
0:6230 to 0:-6675 mm. The breadth of the body at the end of the 
oesophagus reaches 0:5340 to 0:5696 mm., in the region of the 
cloaca, 0:1335 to 0-1513 mm. The oesophagus is 6-3190 to 
6-8416 mm. in length. The anterior part of the oesophagus, to the 
level of the nerve-ring, is narrow and its maximum breadth is 
0-0964 mm.; the posterior part of the oesophagus is widened 
and has a maximum breadth of 0-2864 mm. The nerve-ring 
is situated at a distance of 0-2092 to 0:2115 mm. from the cephalic end. 
The caudal end is provided with two delicate, lateral, symmetrical 
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alae which have a maximum length of 02121 to 0.2505 mm. anda 
maximum breadth of 0-0231 to 0:0273 mm. The cloacal aperture 
is 0:0750 to 0-0866 mm. from the caudal end. On the ventral surface 
of the tail are nine pairs of caudal papillae, four pairs pre-anal, one 
pair para-anal and four pairs post-anal. The pre-anal-papillae are 
placed symmetrically, the more anterior being placed more externally 


Fic. 3. Parhamatospiculum nodulosum (Rud., 1819). Male, caudal end, lateral view. 


than the posterior which are nearer the middle line of the body. 
The para-anal papillae are situated laterally on the sides of the 
cloacal aperture. The post-anal papillae are placed symmetrically in 
two groups, the two larger pairs of which are sublateral, and the 
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two smaller pairs submedian. All nine pairs of caudal papillae are 
shortly pedunculated and the papilla itself has the form of a small 
elongated spear with a sharp top. 

Directly behind the cloacal aperture there projects an unpaired 
cylindrical formation, situated medianly and representing a con- 
tinuation of the posterior cloacal lip ; the meaning of this formation 
remains unexplained. 


Fic. 4. Parhamatospiculum nodulosum (Rud., 1819). Male, caudal end, ventral view. 


The spicules are of unequal size, and are finely striated in a 
transversal direction. The right spicule is 0-2750 to 0:2877 mm. in 
length, has a widened proximal and a narrower distal end and is 
provided in its middle part with a single wing. The left spicule is 
also provided with a single wing and is 1-g806 to 2:2250 mm. in 
length ; it is characterised by a gutter-like grooving on the proximal 
end and a claw-like sharpened distal end ; there is no gubernaculum. 

The female is 65 to 72 mm. in length and has a maximum breadth 
of 11125 to1-2015mm._ The breadth in the region of the oesophageal 
end reaches 1:°0680 mm. The oesophagus is 7-:2980 to 7-3870 mm. 
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in length, the anterior part of the oesophagus, to the level of the 
situation of the nerve-ring, is narrow and has a maximum breadth of 
0-1106 mm. ; the posterior part, on the contrary, is widened and is 
60-3216 mm. in breadth. The nerve-ring is 0-2104 to 0:2167 mm. 
from the cephalic end. The caudal end is slightly narrowed and 
rounded, The anus opens almost terminally. The aperture of the 


Fic. 3. Parhamatospiculum nodulosum (Rud., 1819). Female, caudal end. 


vulva is placed in the anterior part of the body (see fig. 1), and in 
a female of 71°30 mm. in length, was 1°5516 mm. from the cephalic 
end and sub-divided the body of the parasite as I: 45. 

The eggs are of an oval form and reach 0-0609 to 0-0651 mm. in 
length and 0-0378 to 0:0399 mm. in breadth ; they contain larvae 
on deposition, 
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SYSTEMATIC POSITION OF PARHAMATOSPICULUM n1.gen. 


The species Ilaria nodulosum Rud., 1819, possessing a cuticular 
cephalic disc, provided with epaulette-like formations, is a 
representative of the sub-family SETARIINAE Yorke and Maplestone, 
1926, and must be removed to a new genus, on account of the 
following characters, which distinguish it from all other genera of the 
sub-family SETARIINAE 

1. The possession of alae on the caudal end of the male suffices to 
distinguish it from the genera ICOSIELLA Seurat, 1917, SETARIA 
Viborg, 1795, PAPILLOSETARIA Vevers, 1922, and DIPETALONEMA 
Diesing, 1861, which possess no alae on the caudal end of the male. 

2. Inthe structure of the spicules, the species Filaria nodulosum 
Rud., 1819, differs from the representatives of the genus SERRATO- 
SPICULUM Skrjabin, 1916, the spicules of which are dentated, as well 
as from the representatives of the genus CONTORTOSPICULUM 
Skrjabin, 1917, the spicules of which are of a twisted form and are 
strongly striated posteriorly. Besides, on the cuticular cephalic dise 
of the representatives of genus SERRATOSPICULUM, the two high, 
sessile, lateral papillae are absent, whereas the representatives of 
genus CONTORTOSPICULUM possess sessile papillae, situated between 
the lateral lobes of the epaulette-like formations. 

3. By an original construction of the epaulette-like formations 
of the cuticular cephalic disc the species Filaria nodulosum Rud., 1819, 
differs from the representatives of the genus HAsTosPICULUM 
Skrjabin, 1923, in which the median edges of the epaulette-like 
formations are provided in its middle part with four papillae-like 
projections. Besides this, the representative of the genus HaAstTo- 
SPICULUM is a parasite of reptiles. 

It is necessary to note that by the structure of spicules, the relation 
of their sizes, the form of their caudal papillae, situated on special 
stems, and a whole number of other smaller characters, the species 
Filaria nodulosum has a great similarity to the representatives of 
genus HAMATOSPICULUM Skrjabin, 1916, which, nevertheless, thanks 
to the absence of epaulette-like formations on the cephalic end, have 
not only an independent importance, but must be considered as 
being representatives of another sub-family, FILARIINAE Stiles, 1907. 

The above-mentioned characters lead us to consider the species 
Filaria nodulosum Rud., 1819, as the representative of a new 
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genus, belonging to the sub-family SETARIINAE ; which we name 
PARHAMATOSPICULUM n.gen., emphasising thereby, the great likeness 
of the representatives of this genus with the genus HAMATOSPICULUM. 
‘Thus, Parhamatospiculum nodulosum (Rud., 1819), may be considered 
as a connecting form between the representatives of the sub-families 
SETARIINAE and FILARIINAE, 


DIAGNOSIS OF PARHAMATOSPICULUM n.gen. 


Large Nematodes of the sub-family SETARIINAE ; the anterior end 
of the body is covered with a special cuticular cephalic disc of a 
transversely-oval form ; the oral aperture is surrounded by a hex- 
angular circumoral cuticular collar, on the sides of which are situated 
two large erect lateral papillae. On the sides of the circumoral hex- 
angular collar are situated two lateral epaulette-like formations. 
Each epaulette-like formation possesses three lobes, one of which, the 
middle lobe, is lateral, and the two side-lobes are latero-dorsal and 
latero-ventral. On the median lateral lobes of the epaulette-like 
formations is one sessile papilla, and on the latero-dorsal and latero- 
ventral lobes are two sessile papillae. The oesophagus is of a 
cylindrical form; the anterior part of the oesophagus is sharply 
narrowed, the posterior, on the contrary, widened. The caudal 
end is supplied with alae; on the ventral surface of the tail are 
symmetrically situated pre- and post-anal papillae, which are placed 
on special stems and have the form of an elongated spear with a 
sharpened end. Immediately posterior to the cloacal aperture is 
situated an unpaired cylindrical formation. The spicules are of 
unequal size and are provided in their middle part with a slender 
unpaired ala; the left spicule is provided with a claw-like formation 
distally, and is nearly eight times the length of the right spicule. 
The aperture of the vulva is situated near the cephalic end. 
Oviparous. Parasites of the subcutaneous tissue of birds. Type, and 
at present, only species, Parhamatospiculum nodulosum (Rud., 1819). 
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Two MAPS 


Locality Cases 


General... 1887-1g00 
European ‘Troops— 
Intermittent Haematuria 9 
Haemoglobinuria 
Indian Troops— 
Intermittent Haematuria 
Haemoglobinuria 
Prisoners— 
Intermittent Haematuria 3 
Haemoglobinuria 


O 


Map of India, showing distri- 
bution of blackwater fever. 


Assam— 

General... 15 
Bishnath ... sins 3 

1 (1907 

(1903 or 1904) 

Cachar ... 2 (1gco and 1905) 
Darrang District... t 
Forhat 1 (1907) 
Kamrup District ... 
Kettelah ... 3 
Lakhimpur 2 (1907) 


Authority 


Stephens, J. W. W., and 
Christophers, S. R. (1993), p. 3. 


Megaw, J. W. D., and Gupta, J. C. 


(1927). 


Powell, A. (1808). 

Roper, C. (1910). 

McCombie, F. C. (1999). 

Christophers, S. R., and Bentley, 
(1908). 


loc. cit. 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 


loc. cit. 


Christophers, S. R., and Bentley, 
C. A. (1908). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 
Vaughan, J. C. S. (1g21). 


Christophers, S. R., and Bentley, 
C. A. (1908). 


* Stephens, J. W. W. (1927). The distribution of blackwater fever in Europe. Ann. Trop. 


Med. & Parasitol., 21, 467. 


—— (1928). The distribution of blackwater fever in South-West Asia. loc. cit., 22, 53. 


t... Signify that cases are recorded from the locality but that the number is not stated by the 


Authority. 
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Locality Cases Authority 


Assam—(contd.)— 


Lakhimpur North ten 2 (1905, 1906) | Christophers, S. R., and Bentley, 
| A. (rgo8). 
Lushai Hills Megaw, J. W. D., and Gupta, J. C. 
| (1927). 
Noregong | 5 (1879-1907) Christophers, S. R., and Bentley, 
: | C. A. (1908). 
Nozegong (Salonah Division) Stephens, J. W. W., 
| _ Christophers, S. R. (1903), p. 4. 
Sibsagar District ... _ Megaw, J. W. D., and Gupta, J. C. 
| (1927). 
Silchar (Cachar) ... re 2 (1900) | Crozier, G. G. (1900). 
Sylhet 3 (1901-1908) Christophers, S. R., and Bentley, 
| C. A. (1908). 
| 
Sylhet (South) a I Seal, C. E. B. (1899). 
Tezpur... 13, (1879-1908) Christophers, S. R., and Bentley, 


C. A. (1908). 


| 3 Forsyth, C. E. P., and Jameson, 
| E. T. (1915). 

3 (1887-1900) Christophers, S. R., and Bentley, 


Tura (Garo Hills) 3 
C. A. (1908). 


Bengal— 
General... 4 Ukil, A. (1922). 
| 
| 
Bankura District a — Megaw, J. W. D., and Gupta, J. C. 
| (1927). 
Burdwan District... loc. cit. 
Calcutta (Barrackpore) ... 1 (1900) Stephens, J. W. W., and 
Christophers, S. R. (1903), p. 2. 
Calcutta... ‘One of the physicians at the Joc. cit. 
Medical College informed 
us that he had seen 4 cases.’ 
‘One of the physicians at the 
Sealdah Hospital informed | 
us that he saw one or two 
cases in hospital during the 
year.’ 
1 (1925) Brahmachari, U. N., and Sen, P. B. 
| (1925). 
Chatmohar (Pabna) iol 3 Dutt, J. N. (1916), p. 460. 
Dacca District... xe si _ Megaw, J. W. D., and Gupta, J. C. 


(1927). 


| 


Locality Cases Authority 


Beng al—(contd. 


Darjeeling Terat ... sali 5 Seal, C. E. B. (189). 
Dinajpore ... ios aaa wie Megaw, J. W. D., and Gupta, J. C. 
(1927). 
Bengal Duars— ai y (3 years) Dowler, H. M. (1go2), p. 1334. 


‘Very common in the China- — Cosens, ‘'T. R. S. (1927). 
men, Europeans and, in the 
last twenty years, among the 
Bengal babu-log” and 
their women-folk.’ 


Chelsa District ... 20 (18g8-1go8) Christophers, 5S. R., and Bentley, 
C. A. (1go8). 

Dam Dim District ws 65 (1887-1908) loc. cit. 

Dina-Torsa District 25 (1892-1908) loc. cit. 


Gairkatta ... ... ‘Endemic in the Duars. One Roy, S. C. (1922). 
or two cases are met with 
here every year.’ 


Ghatia Tea Estate ess 1 (1got) Stephens, J. W.  W., 
Christophers, R. (1993), 

Hilla Tea Estate 1 (1gol) loc. cit. 

Faintt District... 3 (1897-1907) | Christophers, R., and Bentley, 


C. A. (1908). 


Falpaiguri I Gupta, N. N. S. (1916). 
(4 years resident here but 
admitted to hospital in 


Calcutta). 

Nagrakata... own 2 (1g01) Stephens, J. W., 
Christophers, R. (1903). 

Nagrakata District (18g1-1907) Christophers, 5S. R., and Bentley, 
A (1go8). 

Torsa District... ase 3 (1897-1908) loc. ett. 

Ben gal—(contd.)— 
‘Falpaiguri District ses si Megaw, J. W. D., and Gupta, J. C. 
(1927). 

Mymen Singh District ... nate loc. cit. 

Nadia District ... os ' loc. ctt. 

Pabna District... os “doc. cit. 


Tippera District ... loc. cit. 


= 
{ 


Locality 


Authority 


Bihar— 


Chiria (Singhbhum 


Duta (Singhbhum ) 


Hazaribagh 


Purulia... 
Patna District 


Ranchi District ... 


Rengart... 


Saranda (Singhbhum) 


Singhbhum District 


Orissa— 
Balasore District... 
Cattack District ... 


Khondmals District 


Sambalpur District 


‘ 


‘ 


Whilst at Manharpur [ saw 
a Babu overseer brought 
down the line from Chiria, 
who was stated to have had 
an attack of blackwater 


fever.’ (p. 388.) 


A case of blackwater fever 1s 
stated to have occurred in 
one of the two bungalows at 
Duia.’ (p. 387-) 


I 


Case admitted to a Calcutta 
hospital, from Purulia.’ 


Ilaving noted the occurrence 
of a large number of cases of 
blackwater fever, and also 


of very severe malignant 
malaria, in the Ranchi 
district.’ 
I 
I (1925) 
4 (1926) 


* Several of the Cornish miners 


who formed the subordinate 
tunnelling staff diced of 


malaria or, more probably, 


of blackwater fever, for | 
which the district 1s 
notorious.’ 

3 


Christuphers, S. R. (1925). 


Stephens, J. W.  W., 
Christophers, S. R. (1903), p. 2. 


Christophers, R. (personal 


informiation). 


Megaw, J. W. D., and Gupta, J. C. 
(1927): 


loc. cit. 


Vaughan, J. C. S. (1921). 


loc. cit. 


Senior-White, R. (1928), pp. 63, 64. 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 


Daleppa, K. (1921). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 
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Z Cases | 
| 
| 
: 
| 
A | 
‘ 
| 
| | 
| | | 
| | | 
| 
| 
| 
| 
loc. cit. 
| 
| 


Locality | Cases Authority 
| 
Bumbay — 
Bombay... ‘Occasionally cases of black- Bentley, C. A. (1g11), p. 158. 


Kanara District (North ?) 


Nasth District 


eee 


Central Provinces 


Chanda District ... a 
Chhindwara District... 
Fubbulpore District 
Raipur District... 


Veotma!l District ... 


Coorg Provincee— 


Gencral 


Hyderabad— 


Secundcrabad 
Madras— 
(Ganjam Agency) 


Bhadrachclam Taluk 


| 
| 
Ballignda ... 
| 
(Godavart Agency) 


Coimbatore District 


Gumsur Malliabs 
(Ganjam District) 


Feypore Agency, Hill | 
Tracts 


| 


Koraput (Feypore Agency) 
! 


water fever are admitted to 
hospitals in Bombay.’ 
2 

‘During the investigation, 
however, two fatal cases of 
what appears to have been 
undoubted blackwater fever 
were admitted.’ 


4 (or more ?) cases (1917-18) 


Several cases (1882-1583) 


4 
1 (1397) 
I 
‘Blackwater fever is of 


frequent occurrence.’ 


13 (18g0-1907) 


Stephens, J. W. W. (1903). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 

loc. cit. 

loc. cit. 

loc. ctt. 

loc. cit. 


loc. cit. 


Hasell, Wright, E. (1920), p. 161. 


Stephens, J. W.  W., and 
Christophers, 5. R. (1903), p. 4. 


Row, Y. S. (19138), p. 41g. 


Stephens, J. W.  W., and 


Christophers, $. R. (1993). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 


Hasell Wright, E. (1920), p- 103. 
Note by C. Donovan. 


Perry, E. L. (1914), p- 490. 


De Cruz, I. G. (1907), p. 403. 


BN 
| 
eee 


Locality 


Cases 


Authority 


Madras—contd.)— 


Madras City... then 


Chittoor District ... jae 


Nellore District ... 


Rajahmundry... 


(Northern Circars) 


Vizagapatam District... 


United Provinces—| 


Garbwal ... 


Gulogt 


Kumaon 


Khert District 


Meerut... 


Roorkee... 


I 
‘Malaria, while in Agency | 
tract, five years earlier. | 
Blackwater fever two years 
earlier.’ 
I 
1 (1913) 


* During the recent epidemic | 
only 2 cases of haemo- | 
globinuria or blackwater | 
fever occurred.’ 

‘In 1891 suffered for 
months aestivo- 
autumnal fever accom-— 
panied in the last stages 
with blackwater fever.’ 


‘Blackwater fever occurs in 
only a few isolated cases in 
these isolated districts, 
Vizagapatam and Ganjam.’ | 


‘The writer has seen it in | 
natives of Assam, the | 
Garhwal and Kamaon | 
districts, and Northern 
Burma, who had never left | 
the area in which it was | 
acquired.’ 


#1999) | 

Gulogi is 3,500 feet above 
sea-level, and 3,000 fect 
below Mussoorie.’ 


I 
1 (1926) 
‘Patient at Shanhkumbri fair, | 
in the Siwalik hills, 16-23 
Oct., 1926. Previously at 
Mussoorie.’ 


loc. ct. p- 


| Madras (1927). p. 28. 


Madras (1914). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 


loc. cit. 


Rajahmundry (1899), p. 26. 


Fearnside, C. I’. (1901). 


Browning, W. B. (1908). 


Hehir, P. (1927). 


Smith, H. A. (1909). 


| IIichir, P. (1927). 


Megaw, J. W. D., and Gupta, J. C. 
(1927). 


Stephens, J. W. W., and 
Christophers, S. R. (1903). 


doe. cit. 
| Twells, T. W. (1927). 


32. 
| 
| | 
| 
| 
eee 
| 
| 
| 
| 
ere 4 


Locality Cases Authority 
Ceylon— 
Namunukula isi a 1 (1913) van Rooyen, G. S. (1913). 
(Pingarawa Estate) | ‘The only two cases which we | Castellani, A., and Chalmers, A. J. 
| have met with or heard of in (1919). 


| Ceylon in twelve years, were 
| most probably cases of 
quinine haemoglobinuria.’ 
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THE DISTRIBUTION OF BLACKWATER 
FEVER IN BURMA AND THE FAR EAST* 


BY 


J. W. W. STEPHENS 
(Received for publication, 15 July, 1928) 


MAps 


BuRMA. 
Locality | Cases Authority 
| 
| 
Amberst District... Megaw, J. W. D., and Gupta J. C. 
| (1927) 
Chindwin Upper District 
Chindwin Lower District...) 
Kyaukse District... 
Kyaukpyu District ... 
Mandalay District ... 
Putao District 
Salween District... 
Mogaung (Mvyitkyina | ‘Blackwater fever is endemic Fink, L. G. (109). 
Disirict) _ in this district and is known 
| to the Kachins under the 
name, ‘ Ngak”’.’ 
Katha wie I Fink, L. G. (1997). 
Mogok (Ruby Mines District) 2 (1904) loc. cit. 
I loc. ctt. 
Myitkyina ... 1 (1907) loc. cit. 
Taungdwingyt (Magwe 1 (1904) loc. ctt. 


District) 
* Stephens, J. W. W. (1927). The distribution of blackwater fever in Europe. 9 dan. Trop. 
Med. & Parasitol., 21, 467. 
—-— (1928). The distribution of blackwater fever in South West Asia. loc. ctt., 22, 53. 
———— (1928). The distribution of blackwater fever in India. Joc. cit., 22, 170. 
+... Signify that cases are recorded from the locality but that the number is not stated by the 
Authority. 
179 


180 


BurMa—continuced, 


Locality Cases Authority 
| 
Wuntho 2 (1910) | Lalor, N. P. O. (1913) 
o (1911) 
4 (1912) 
Lower Burma— | 
Rangoon... I 
Sandoway ... I 
Unknown ... I 


Upper Burma— 


Bhamo... 2 
Chindwin, Upper 
Katha... 
Magwe ... 2 
Mogok (Ruby Mines)* 3 
Myitkyina t sal 20 
Pakokku  ... I 
Shwebov... 1 
Yamethin ... I | 


* The Ruby Mines Co. began work in 1899. 


t‘ The Myitkyina Gold Dredging Co. was started about 1g00. In the Myitkyina District a 


large battalion of military police, consisting of some 1,400 Gurkhas, is maintained.’ 


CHINA. 
Locality Cases Authority 
General we ein ... ‘In the valley of the river | Pons, R. (1g21). 
Claire (Tong King), excep- 
tional even among 
Cantonese.” 


Fukien Province— 
Amoy (?) I Maxwell, J. P. (1909), p. 295. 


Yung Chun 2 (1904, 1908) loc. cit., p. 201. 


; 
| 
7 | 
‘ 


Cuina—continued. 
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Locality Cases Authority 
Hainan Island— | 
Hothow ... Faust, E. C. (1926). 
Hupeh Province— 
Hankow ... I Faust, E. C. (1926), p. 948. 


Kwang-si Province— 


‘In 1885, according to Dr. 
Wenyon, of Fatshan, it 
ravaged like a plague the 


Manson, P. (1997). 


Chinese army on_ the 
‘Tonquin border of 
Kwangsi.’ 
Kwang-tung 
Province— 
Fatshan ... “A few cases’ Clemow, F. G. (1903). 
Hong Kong ithe 2 | Faust, E. C. (1926), p. 946. 
I (1923) Hong Kong (1923), p- 13- 
1 (1926) loc. cit. (1926). 
Kityang ... 1 (?) Faust, E. C. (1926), p. 46. 
Swatow  ... 1 (1916) Hobson, H. G. (1916). 
Yun-nan Province— 
Kin-lung-kiang ... 3 (1925) Faust, E. C. (1926), p. 946. 
Yuan-kiang 2 Mason, C. W. (1924), p- 75- 
Formosa. 
Locality Cases | Authority 
| 
General... N. 8 | Hatori, J- (1914). 
W. 12 
Ss. 4! 
| E 2 
| 84 (1910) 
Tatto (Hospital) 98 | Kondo, Y. (1926). 
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Inpo-CHINA. 


| 
Locality Cases | Authority 
| | 
Cambodia | 
General (1921) | Mathis, C. (1923). 
293 cases of malaria among | 
natives. | 
Cochin-China— | 
General I | Mazzolani, D. A. (1911). 
| 14 (1924) | Lecomte (1927). 
8 (1925) loc. cit. 
| = 
Saigon 2 (1913, 1914) Lahille, A. (1915). 
lL aos— 
Haut-Laos ... 5 
fievre bilieuse hémo- 
| globinurique du Haut-Laos | 
semble n’étre pas trés | 
meurtriére; cas tres nom- 
breux mais déces relative- 
| ment rares.’ De la Pouge (1921). 
Muong Boun Neua ... Exceptional. Pons, R. (1920), p. 151. 
Muong Boun Tai... 0} Exceptional. loc. cit. 
Muong Houm Xieng Houm .... Present. loc. cit. 
Muong Khoua Present. cit. 
Tongking— | 
| Europeans Natives 
General 16 75 Boye (1914. 
1903... | 26 8o 
1904 ...| 19 67 | 
Ig05_ ...! 37 61 
1906... | 6 59 
1907 ...| 4 6y 
1908... | 17 29 
1909... 7 61 
IQIO 24 89 
...| 2 66 
4 89 
I 38 


‘These data are calculated | 
from the rates per 1,000. | 
The average strength for the 
12 years 7,995 
Europeans, 11,155 Natives. 
The amount of quinine 
administered was increased 
in 1908.’ 


| 
| 
‘ 
| 
| | 
| 
| 


Locality Cases Authority 


Tongkin g—(contd)— 


Black River (Upper) ee 38 (1915-1916) Pons, R. (1921), p. 156. 
Claire River loc. cit., p. 148. 
Delta *L’affection ... dans le Delta loc. cit., p. 148. 


tonkinois, est une curiosité 
ou un article d’importation.’ 


(1903) (1906) 
Highlands... ... Europeans... 78 7  Mazzolam, D. A. (1911), pp. 18g, 
Natives 64 1g0. 
‘The principal cause of death 
in North Tongking (1g02).’ 


Red River (= Song Kot)... * Less frequent than on River Pons, R. (1921), p. 150. 
Claire.’ 
Red River (— Song Kot)... 7 Paucot (1901). 
A Pa Trai (Black River)... Frequent Pons, R: (1921), p. 1<1. 
Bac Kan (Bac Quang), 10 loc. cit., p. 148. 
(Claire River) and Vinh Tuy 
Bao Lak (Claire River Basin) Frequent loc. ctt., p. 151. 
Banam Coum (Black River) Frequent loc. cit., pp. 151, 161. 
(Phong Tho Territory) 
Bung Tho (Black River)... Frequent loc. cit., p. 151. 
Cho Bo (Black River) loc. cit., p. 150. 
Dien Bien Phu (River Nam we loc. cit., p. 151. 
Goa) 
Ha Giang (River Claire)... 11 (1gt4—summer) Pons, R. (1g21), p. 148. 


21 (1gt4—2nd six months) — Joc. cit., p. 156. 

‘La garnison européenne de ce loc. cit., p. 148. 
poste (Tuyen Quang) a 
Vaffectif d’un bataillon, 
détache une compagnie a 
Ha Giang... c'est surtout 
ce contingent . . . qui 
fournit les deux ou trois 
cas observés chaque année.’ 

‘La mortalité par paludisme Mathis, C., and Leger, M. (tgtt), 
et fiévre bilieuse hémo- p- 28. 
globinurique a toujours été 
considérable.’ 


Hanoi 5 (1926) Le Roy des Barres (1927), pp. 437 
Hanoi and Kwang Ven dive 6 ited L., (1896), p. 458. 
Hoang Su Phi (River Claire) I Pons, R. (1921), p. 150. 

Kao Bang... Far from rare loc. ctt.y p. 


20 deaths (1896-Aug., 1913) Mathis, J. L. M. (1914), p. 845. 
I | Le Ray (1897), p- 372. 


Inpo-Cuina—continucd. 


Locality 


Cases 


Authority 


Tong kin g—(contd.)— 
Kwang Yen ... 


Lat-Chau (Black River) 


Lang-Son 


Lao-Kay 


Lao-Kay Province 


Monkay 


Moung Nhié (Black River) ... 


Na Cham 


Nguyen Binh and Talung ... 


Pho Lu (Red River) 
Pho Moi (Red River) 
Pou Fang (Black River) 


Son La (Black River) 


Talung 


Than Thuy (River Claire) ... 


Tring Thuong (Red River) ... 


Tuyen Quang 

Van Bu (Black River) 
Viet Tri (Red River) 

Vinh-Tuy 

Yen Bay (Red River) 
Yen Binh Xa (Claire River) 


. . . 
. . . 


Vide Hanoi and Kwang Yen 


‘120 tirailleurs, 13 cas d’hémo- | 
globinurie; 6 Européens, 
1 cas d’*hémoglobinurie ’ 


(1915). 


I 
Rare 


Exceptional 
Frequent 


‘ Nous avons vu pendant deux 
ans, sur un effectif d’environ 
1,100 tirailleurs indigénes, 
3% d’entre eux atteints de | 
fiévre bilieuse hémoglobin- | 
urique.’ | 


15 
Unknown 
Frequent 
Exceptional 

Not exceptional 
Frequent 
Frequent 
V'requent 


‘As frequent as at Bac Kan 
and Vinh Thuy.’ 


vide Nguyen Binh 
(1914) 
Common 
Present 
Frequent 


Rare 


Vide Bac Kan 


| 
‘Not so rare as at Viet Tri.’ | 
2 } 


Pons, R. (1921), pp. 151, 159. 


Boyé, L. (1913) 
loc. cit. 
Pons, R. (1921), p. 151. 


loc. cit., p- 150. 


Fabre, H. (1920). 


Gauducheati (1906). 
Pons, R. (1921), p. 151. 
loc. ctt., p. 151. 


loc. cit., p. 151. 


Mathis, C., and Leger, M. (tgtt), 


> 


p- 32. 
Pons, R. (1921), p. 150. 
loc. cit., p. 150. 
loc. cit., p. 151. 


loc. cit., p. 150. 


lac. ctt., p. 1§0. 
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4 
| 
| | 
| | 
3 | 
| 
| 
| 
... 
| 
| eee eee | 
| 
loc. cit., p. 150. 
| | 
| loc. cit., p. 148. 
| loc. cit., p. 150. 
Le | loc. cit., p. 150. 
loc. cit., p. 148. 
| loc. ctt., p. 150. 


PENINSULA, 


Locality Cases Authority 
Federated Malay | 
States— | 
General 4 (1910) Fed. Malay States (a). 
? (1911) Not available. 
14 (1g12 
| 19 (1913) | 
| ? (1914) Not available. 
| (1915)t | 
? (1916) | Not available. 
| ? (1917) Not available. 
| ? (1918) Not available. 
| (1919) 
| (deaths only) 
| o (1920)t 
(1921) 
| (1922)t 
| ? (1923) Not available. 
1 (1924) Fed. Malay States (b). 
g (1925) loc. cit. 
| 2 (1912) Fraser, H. (1913). 
Negri Sembilan nee) ae g (1913) Fraser, H. (1914). 
| 
Pahang 1 (1913) 
Perak 3 (1913) 
Selangor 5 (1913) 
Perak— 
Paolang Rengas I Orme, B. (1908). 
Selangor— | 
Klang ‘ies ei ia I Daniels, C. W. (1908). 
Straits Settlement s— 
Labuan 1 (1g01-1926) Straits Settlements. 
{ 
Malacca hs 10 (1goI-1926) 
Penang 3 (1go1-1926) 
Singapore... 26 (1901-1926) 
Wellesley... as (1g0I-1926) 


t No record, positive or negative. 
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SIAM. 


Locality Cases Authority 


‘Seldom seen except up | Mendelson, R. W. (1919). 
country where, under- 
stand, it is not uncommon.’ 


General 


| 
| 
| 
| 
| 


Bangkok 2 
North Siam ... | Several cases Mason, C. W. (1924). 
Chiengmai ... 2 (1925-1926) Cort, E. C. (1927). 


| * Luang Vibulya has treated 26 | Prommas, C. (1927). 
cases (1g18-1925) in Huay 
Keo, near Chiengmai.’ 


‘Khun Smarn has seen 4 cases | /oc. cit. 
(1925-1926), in the City 
Jail.’ 


‘They think the disease is | Joc. cit. 
prevalent in Huay Keo, Pha | 
Harm, and Khun Tarn.’ 


| 
| 


ISLANDS 
Borneo, Brit, N. 
Locality Cases | Authority 
General ‘Yellow malarious fever with | Davidson, A. (1892). 


haemoglobinuria . . . has | 
occasionally been observed.’ | 
| 

“Fesselton I | McGregor, II. J. (1911). 
‘This is the first case I have 
seen in this region, although 
several medical men_ here 
have spoken about the 
disease as occurring in 

Borneo.’ 


CELEBES. 


| 


Locality Cases | Authority 


General ‘In the Dutch possessions in Clemow, F. G. (1903). 
Malaysia the disease first 
came under observation 
after the Atjeh war of 1874- 
78. Cases occurred at 
various places Java, 
Celebes and Borneo.’ | 


Makassar... Kohlbrugge, J. H. F. (1899). 


} 
| 
| 
| 
d 
| 
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FLORES. 


Locality Cases Authority 
JAVA. 
Locality | Cases | Authority 


| «De Haan erlebte in Java von 

| 1g01-1g03, nur 7 Falle.’ 
Anrust (Onrust) Island* ... Kohlbrugge, I. H. F. (1899). 
| Scheube, B. (1gto). 


Batavia myself observed, at Batavia, | De Langen (1918). 
g cases of febris biliosa 
haemoglobinurica, 2 cases of 
Europeans and 7 of Natives.’ 


Magelang ... | loc. cit. 

Oengaran ... 3 | De Jong, A. (1904). 

Pulu Bras... Scheube, B. (1910) 
Samarang... (1go8) | Mense, C. (1924). 

| Kohlbrugge, I. H. F. (1899). 

Surabaya... | loc. cit. 

Tandjong-Priok (Harbour), ‘Vereinzelt auch auf Java | Scheube, B. (1910). 


Tjilatiap ...|  (besonders auf Pulu Bras, | 
Onrust, in Tjilatjap, Tand- 
jong-Priok).’ 

Kohlbrugge, I. H. F. (1899). 


Wilhelm, 1. hi | loc. cit. 

‘ Andere Centra d_eses Fiebers 
waren die beruchtigte Insel 
Anrust und der ebenso 
schlecht renommirte Hafen | 
‘Tjilatjap, es wurden jedoch | 
auch einzelne Falle aus 
Magelang, Wilhelm _ I, 
Samarang, Soerabaya... . 
beschreiben.’ 


* Off the coast of Java, near Batavia, with the Netherlands government ship-building yard. 
General Gazetteer. A. K. Johnston. 1850. 


— 
ig 
| 
: 
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LoMBOK. 


Locality Cases | Authority 


General | Kohlbrugge, I. H. F. (1899), p. 105. 


Papua or New Guinea or Katser WILHELM’s LAND. 


| 


Locality Cases Authority 
General 14 | Giblin, W. E. (1922). 


‘In Papua blackwater fever | 
is widespread.’ | 


2 (1912) Tropical Diseases Research Fund 
(1913). 
2 Hoffman (1904). 
2 (1918-1919) Papua (1920). 
Astrolabe Baynes 14 (1895-1897) Dempwolf, O. (1898). 
Finschbafen 7 (1886-1888) Schellong, O. (1890). 
Port Moresby «| 7 (1918-21) Papua (1920, 1922). 
Samarat g (1918-21) loc. cit. 
New Hesripes. 
Locality Cases Authority 


General iin on ... ‘Dr. Madeleine, of the French | Lambert, S. M. (1927). 
Hospital, reports undoubted 
cases.” 

* Dr. Buxton states blackwater 
fever certainly occurs at any 
rate in the more northern 
islands.’ 


‘Blackwater fever, formerly Ami:ues (1907). 
very rare, has become fairly | 
common, but of moderate | 
ceverity.’ | 


Epi ... ? Koch, R. (1398) not available. 

Malekula (? Mailicollo) ... | 
Pentecost 

Sandwich 

Santo 

Nogugu, Santo 1 (1gtt) Tropical Diseases Research Fund 


(1913), p- 65. 


4 
| 
| 
j 
| 
(| 
| 
| 
| 
| 
} 


New Pommern or (New Barirarn). 


Locality Cases Authority 


Herhbertshibe (or Kokopo) .... 1 (1899, July-June, 1900) Anon (1903). 
1 (1g02, Jan.-March) Wendland (1904). 


8 (1g02, April—Mar., 1903) loc. cit. 


PHILIPPINE IsLANDs, 


Locality Cases Authority 


General . ... or a. 4 | Ashburn, P. M., Vedder, E. B., 

‘We are indebted for the | Gentry, E. R. (1912). 
opportunity to examine | 
blood smears from four cases 


of blackwater fever.’ 


1 (1905) | Deeks, W. E., and James, W. M. 
2 (1906) (1911). 
‘In members of the United 
States army.’ 


Army Records "Siler, J. F. (1926). 
2 (1906) | 
1 (1911) 
A few cases Strong, R. P. (1907). 
2 (1910-1926) Reyes, C. (1926). 


‘Among 145,056 patients ad- 
mitted into the Philippine 
General Hospital.’ 

I 

‘ Dr. L. Gomez reports having 

seen a case.’ 


Iwahig (Penal Colony) 
‘From the minutes of the 
Manila Medical Society, of 
the meeting of August 4, 
1913, Dr. A. C. Garton 
reported 44 cases.’ 


Palawan... is ... ‘We had many cases and I | Heiser, Victor G. (1926). 
recall particularly those 

which occurred among 

prisoners who were in a 
camp near Puerto Princessa, 
on the Island of Palawan.’ 


Camp Stotsenburg ... 2 Whitmore, F. R. (1927). 

‘In 1rg04 I treated two cases 
of haemoglobinuria in the 
malarious region at Camp 
Stotsenburg.’ 


Wa 


SOLOMON IsLANDs. 


Locality 
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Cases 


Authority 


General 


SUMATRA. 


Locality 


General 


Achin (Atjeh) 


Deli 


East Coast 
Medan 


Sibolga 


Fiebig fund dort im ganzen 


(1912) 
(1913) 


( 
(1920) 
(1921, to April) 


SJ 


Cases 


3>. Van der Scheer 7 Fille.’ 


‘Es wurde die febris biliosa 
haemoglobinurica er-t 
durch die ersten Atjeh 
Kriege (1874-78), allgeme n 
bekannt. Auf Atjeh kam se 
aber fast nur in zwei kleinen 
Befestungingen vor, in den 


Forts Tjadé und Toeng 
Koep.’ 
I 
‘Gevallen van zwartwater- 
koorts komen in Deli 


(Sumatra’s Oostkust) zelden 


voor; ik herinner my, by 


Europeanen althans, geen- 
geval daarvan’ gezien te 
hebben.’ 
I 

‘In Deli haben wir wenig 
Gelegenheit, tiber Schwarz- 
wasserfieber Erfahrungen zu 
sammeln. Hochsten sehen wir 
Falle von Chininintoleranz 
wo das Chinin den Anfall 
bei Malariakranken auslést. 
So wenigstens war unsere 
Auslegung. Schwarzwasser- 
fieber kommt, wenn nicht 
der vorliegende Fall und 
einige ausserhalb Hospital- 
bezirks gesehene als solche 


zu rechnen sind in Deli 
nicht vor.’ 
1 (1g08) 


... ‘Another case of Leptospirosis 


with haemoglobinuria.’ 


Many cases (1923). 


West Coast (Sawah Loento)...| 2 


Crichlow, N. (1921). 


Authority 
Mense, C. (1924). 


Kohlbrugge, I. H. F. (1899). 


Romer, R. 


Schiffner, W. (1g18). 


Cit., 
Fletcher, W. (1928). 
Mense, C. (1924). 


loc. cit. 


Anon (igIt). 


| 
: | 
| 
| 
| ( 
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PLATES IV-XX 


INTRODUCTION 


‘ Like other protozoon infections, that with the entamoebae follows a protean 
course. It may be fatal in a short time ;_ it may be severe for a long or short time ; 
it may become chronic, with alternating periods of dysentery and constipation, or 
with constant passage of unformed stools; it may be mild, and cause but little 
discomfort ;_ ulceration of the large bowel, quite extensive, may be present without 
giving rise to symptoms; and an infection with four-nucleated cysts as the end 
stage of the cycle may be in force without any indication of ulceration or of dysentery. 


‘ The severity of the infection may be apparent in the physical condition of the 
patient, who is emaciated and greatly distressed by the frequency of the bowel 
movements, ‘The localisation of the ulcers in the rectum may give rise to severe 
dysenteric symptoms without emaciation ; and ulceration may be present in the 
upper part of the bowel without severe, or even without appreciable clinical 
symptoms of dysentery, while the general health of the patient is steadily declining.’ 


These paragraphs are quoted from a paper of mine (1914) 
At that time I had been working with Dr. W. E. Deeks, then 
Chief of Medical Service in Ancon Hospital, for two years, in an 
effort to differentiate the various forms of dysentery found in the 
Canal Zone, and Dr. Deeks (1914) enumerates fourteen types of 
dysentery. 
From rgt1 to 1914, my work had been mostly on cases with 
histories of acute or sub-acute amoebic dysentery, either past or 


Nore. Dr. James’ manuscript was accompanied by too photographs, from which 17 have 
been selected. [Tne Eprrors.| 
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present. However, as noted in the paper referred to above, in the 
routine examination of stools of patients admitted for other causes, 
we not infrequently found small pre-cystic and cystic phases of 
Entamoebae, which could not be distinguished from the cyst- 
forming and end stages of the cycle of histolytica associated with 
dysentery. Investigation showed that many of these cases did not 
give histories of previous dysentery, although most of them had 
had diarrhoea at times, and more or less gastro-intestinal discomfort. 

At the same time, Dr. H. C. Clark, who was then Pathologist to 
Ancon Hospital, demonstrated that active amoebic ulceration was 
present at autopsy, mostly in the caecum, but not infrequently in * 
other sites in the large gut, in patients who had died from causes 
other than dysentery, and in whom at the time of death there was 
neither dysentery nor diarrhoea present. 

As noted then, Dr. Deeks and myself were of the opinion that 
there could be considerable ulceration of the large gut without 
history of dysentery or diarrhoea. However, we regarded such 
infections as the exception and not the rule, since we saw so much 
more of acute and sub-acute dysentery associated with /zstolytica, 
than we did of gastro-intestinal disturbance without diarrhoea and 
dysentery. 

I know now that the reason for this belief was that the small 
pre-cystic and cyst-forming generations of /istolytica were largely 
overlooked in the routine examination of stools. 

In April, 1916, I left the service of the Panama Canal and became 
associated with the Hospital de Panama and the Herrick Clinic. 
Most of our patients come from Central and Northern South America. 
Since 1916, it has been my practice to examine personally the stools 
from all patients who come to us with gastro-intestinal disturbances 
of any kind. For the past three years nearly all positive or suspicious 
findings have been checked with wet-fixed and permanent 
preparations. 

It was not long before I found that the number of cases of what 
might be called ‘latent histolytica infections’ in my practice far 
exceeded those associated with acute or sub-acute dysentery at 
the time of examination, and I made a report to this effect to the 
Medical Association of the Isthmian Canal Zone, which was later 
published in the Proceedings of 1916. 
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At the present time I am firmly convinced that in so far as 
Central and Northern South America are concerned, /istolytica 
infection is responsible for a very large proportion of obscure gastro- 
intestinal trouble which is not manifested by diarrhoea or dysentery 
as the cardinal symptoms. 

It is true that close questioning will elicit a history of a mild 
dysentery or diarrhoea in many of these cases, but the same history 
can be obtained from other patients whose present and past histories 
are not those of gastro-intestinal trouble. 

The diet throughout the American Tropics is very faulty indeed, 
rich in grease, proteins and carbohydrates, and notwithstanding the 
abundance of fruits, poor in these and especially in green vegetables. 
It is for this reason that it is so important to differentiate histolytica 
infection from the other forms of ‘stomach trouble’ so frequently 
seen. 

The pathological material upon which the observations in the 
present paper are based was furnished me mostly by Dr. Lawrence 
Getz, Pathologist to the Santo Tomas Hospital and the Herrick Clinic. 
I am also indebted to Dr. L. B. Bates, Chief of Board of Health 
Laboratory, Ancon Hospital, for specimens from all of the material 
available in that Laboratory, including the unique skin lesions 
shown in Plates V, VI and VII. From Dr. Feder, formerly 
Pathologist to Santo Tomas Hospital, I also received very valuable 
material, particularly that showing the method of invasion in 
abscess of the liver. From Mr. Sheridan, demonstrator of histology 
in the George Washington University Medical School, Washington, 
D.C., I received some remarkable slides, a photograph from one 
of which is shown in Plate XVII, as well as slides showing Balantidium 
infection (not shown). I am most particularly indebted to Major H. C. 
Callender, Medical Corps, U.S. Army, Curator of the Army Medical 
Museum, Washington, D.C., and to Sergeant Reeve of the same 
Institution. Major Callender gave me unlimited opportunities for 
making photographs, and I am indeed grateful to him. The time 
and trouble spent by Sergeant Reeve, in taking the photographs and 
developing the negatives, is most deeply appreciated. 

The check numbers following the figures refer, first, to the number 
of the negative on file in the Army Medical Museum in Washington, 
D.C., and the second number, to the slide from which the photograph 
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was made, so that if any question of interpretation should arise, the 
originals may be readily produced. 

I am also indebted to the Secretary of the Herrick Clinic, Miss C. 
Kraus, for the time and patience which she has given to the prepara- 
tion of the manuscript. 

Dr. Getz has carefully gone over the description of the photo- 
graphs and personally checked all the important points. 

There are five species of amoebae in man, the normal habitat of 
which, in their active, or vegetative stage, is the large gut and its 
appendages, and it is generally accepted that the caecum is the seat of 
greatest density of these. Four of these species, Entamoeba 
histolytica, E. coli, Endamoeba nana, and Lodamoeba_ butschlit 
(williams) are relatively common, while the fifth, Dientamoeba 
fragilis, is met with rarely. Several other species have been reported 
from time to time, but these have not as yet gained general acceptance 
by qualified protozoologists, and their individuality is, for the 
present, sub gudice. The first four mentioned have, in common, a 
vegetative stage, in which they carry on their normal existence and 
reproduction under favourable circumstances ; a pre-cystic stage, 
in which they prepare for the continuation of the species in the outside 
world ; and a cystic stage, by which the infection is spread, but is 
not itself active in the original host. F. histolytica, E. coli, and 
End. nana produce multinucleate cysts; and J. butschlit a uni- 
nucleate cyst that, from a zoological viewpoint, differs very 
remarkably from the other three. D. fragilis is known, at present, 
only in its vegetative stage, except for the cysts reported by Kofoid 
and Swezy (1923). In all probability it also produces cysts, but 
rarely, and at present they are not distinguished from other objects 
found in stool examinations, which accounts for the infrequency, 
actual as well as relative, with which they are found. 

There is, at present, no positive evidence of any kind to show that 
four of these species are in the slightest degree pathogenic for their 
human hosts. They could be dismissed, so far as clinical and 
pathological study of disease is concerned, as interesting, but harmless 
laboratory findings in the examination of stools ; were it not that the 
remaining species, . histolytica, with which any or all of them may be 
confused, and it with them, is under certain conditions one of the 
worst of protozoal parasitic offenders against the health and well- 
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being of man, and one of the most frequently found, either of the 
undesirable or the harmless companions of this group, that have 
accompanied him in his journey through the ages, unless the Sfzro- 
chaetae be finally placed among the Protozoa. If, indeed, animal 
life as we know it to-day is a process of evolution from one of its 
most primitive forms, the amoeba, this form has shown a persistence 
and immutability that can but excite our admiration, for of all the 
animal parasites of man in general, and his intimate protozoal 
associates in particular, the amoeba is the widest spread and most 
generally found, exceeding in numbers and area of distribution even 
his far-flung and persistently unrelenting foes, the Plasmodia of 
malaria. Of the five species to which reference has been made, 
histolytica is second in frequency, and by reason of this and also of its 
pathogenicity, it is of very great importance to physicians, sani- 
tarians, and pathologists as a human parasite. It does not, like the 
parasitic hemo-flagellata and Sporozoa, require an intermediate host 
which also serves as a vector, but is distributed directly or indirectly 
from host to host, which determines its universality. 

Since 1916, several surveys of importance have been made to 
determine not only how much /isfolytica infestation occurs in persons 
suspected of having acquired it previously, but also the extent to 
which the general population is infected. The most important of 
these were conducted by Dobell (1917), (1918), (1921), Wenyon and 
O’Connor (1917), Mathews and Smith (1919, a), (1919, b), (1919, c), 
Smith and Mathews (1917, a), (1917, b), Carter, Mackinnon, Mathews 
and Smith (1918), Kofoid, Kornhauser and Plate (1919), Kofoid and 
Swezy (1920), Boeck and Stiles (1923), and Kofoid, Swezy and 
Boyers (1925). All of these papers except the last are admirably 
summarised and analysed by Boeck and Stiles (1923), to whose 
report reference should be made by those interested. A very recent 
and highly suggestive survey has also been made at the Army 
Medical School by Craig and St. John (1927). 

No exact interpretation can be placed as yet on the data assembled 
by these workers; the personal equation enters largely into such 
work, and there are many factors of error, but they report that 
amoebic infection with one or more species was present in at least 
25 per cent. of those surveyed, regardless of conditions of previous 
exposure in endemic centres or circumstances of environment, and 
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from 5 to 10 per cent., perhaps more, of the total showed histolytica 
infestation: So conservative and reliable an authority as Dobell 
(1921) places the percentage of 3,146 infected English civilian cases, 
i.e., those not exposed in endemic centres where the incidence is far 
greater, as 3:4 per cent. Boeck and Stiles (1923) found the actual 
rate in 13,043 examinations on 8,029 persons, 3,536 of whom had 
seen foreign service during the world war, to be 4-1 per cent., with a 
probable rate, to be explained later, of 8 per cent. to 10 per cent. 
There was but little difference in the rate between those who had 
served at home or abroad, but in 1,547 persons who had had no war 
service, the actual rate was 8-3 per cent., and the probable rate 13 per 
cent. to 17 percent. Mathews and Smith (1919) found 7 per cent. of 
infections in 4,068 convalescent dysenteric cases, and 6-4 per cent. in 
450 non-dysenteric cases. Kofoid (1919) and his colleagues give 
higher figures—12-8 per cent. in foreign service cases, 4:3 per cent. 
in home service cases. Later, in 1920, Kofoid and Swezy (1920), 
examining in Berkeley, California, two groups, one of 34 home service 
troops, found 26-5 per cent., and in 91 overseas troops, the 
astonishing incidence of 67 per cent., a higher figure than was 
found in their 1925 survey (1925), in Santa Marta, Colombia, where, 
in 556 examinations on 367 persons, in a locality notorious for the 
prevalence of amoebic dysentery, liver abscess, and_ intestinal 
disturbances due to /istolytica infection, 53-7 per cent. actual infesta- 
tion was revealed, i.e., one exceeding in frequency F. coli itself. 

Whatever these survey figures mean, one present deduction may 
be drawn from them, and that is that where skilled and competent 
observers have conducted investigations, the general population has 
shown a reported incidence of from 5 per cent. to 10 per cent. (and the 
latter figure is more nearly correct) of /zstolvtica infection in centres 
where amoebic dysentery itself is not endemic, with a higher per- 
centage in endemic areas. 

It is important to note that survey figures are based, in greater 
part, on the examination of stools, often twelve to twenty hours old. 
In such stools the vegetative forms perish rapidly, and the results are 
based mostly on the finding of cysts. But cysts are by no means 
always accompanied by vegetative forms, nor is the converse also true, 
so stools that originally contained vegetative forms only, would be 
recorded as negative. My own experience, to which reference will 
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presently be made, is that vegetative forms of /rstolytica, not 
including those found in cases of acute dysentery, are unaccompanied 
by cysts in at least 50 per cent. or more of positive cases, and if this 
is also true in temperate climates, the 5 to 10 per cent. incidence in 
the survey figures should be doubled. 

Any parasite that is said to infest from 5 to 20 per cent. of the 
general population deserves interest, and we are here considering 
one that is responsible at times for a disease as protean in its sympto- 
matology as syphilis itself, and considered by many reliable 
authorities to be equally as chronic and difficult of eradication. 
The original lesions may be a few ulcers of almost microscopic size 
in the caecum; the end result—an abscess of the liver resulting 
fatally, and the diagnosis may very well be undetermined 
until autopsy. Ulcerative colitis of a part of the whole of the large 
gut; ulcerative appendicitis; peritonitis due to perforation by 
colonic or appendiceal ulcers, single or multiple; large and small 
abscesses of the liver ; abscesses of the lung, brain and spleen ; all 
of these have been reported as complicating /zstolytica infections 
without dysenteric symptoms, and they are all met with at one time 
or another as terminal incidents in lethal infections. 

It is, indeed, reasonable to believe that clinical symptoms due 
to the grave lesions above mentioned, and the wide-spread tissue 
destruction resulting from them, if at all common, will not be over- 
looked either at the bedside or at autopsy in countries such as 
England and the United States, where the surveys, except that at 
Santa Marta, referred to, have been made. It would be logical, 
from the premises given, to infer that in temperate climates the 
pathogenicity of histolytica infection is in inverse proportion to its 
frequency and distribution; and that, while a very frequently 
encountered parasite, it attacks the tissues of its host only at rare 
intervals, living harmlessly in the lumen of the gut the rest of the 
time ; or else normally it produces such minute lesions in the mucosa 
of the colon that they are healed almost as quickly as they are formed. 

Notwithstanding such an explanation, which would fit the facts as 
presented, there is no unanimity of opinion as to the constant or the 
infrequent pathogenicity of FE. histolytica. For example, Dobell 
(1919) does not believe that more than ‘ 10 per cent. of persons who 
become infected with E. histolytica ever suffer to any appreciable 
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extent from their infections,’ and thinks it very probable that even 
this is much too high an estimate, although he was, at that time, 
of the opinion that the parasite always lives at the expense of the 
host’s tissues. He notes that in the cat’s intestine he has found 
ulceration only recognisable with certainty in sections examined 
under the microscope. Dr. Lawrence Getz has procured similar 
sections from the human intestine, and the process is shown in the 
accompanying photographs. 

Wenyon (1926) believes that /istolytica infestation nearly always 
results in tissue damage, but notes that there is evidence that, at 
times, it is harmless. Craig (1926) states that the parasite is always 
pathogenic. Boyers (1925) writes that he found determinate 
symptoms and pathological findings attributable to this infection 
in 499 of 500 patients in whose stools the parasite was encountered. 
In Santa Marta a high proportion of the American employees of the 
United Fruit Company, in whose stools Kofoid, Swezy (1925) and 
myself (1925), as well, demonstrated histolytica, complained of very 
definite symptoms referred to the gastro-intestinal tract. 

My own work has been on patients with more or less definite 
gastro-intestinal symptoms. But during the past three years, I have 
examined also, as a routine measure, and with particular care, many 
hundred stools from patients who did not complain of such symptoms, 
and when the findings in the fresh specimen have been suspicious, 
I have checked them with permanent, that is, wet-fixed and stained, 
preparations. In these examinations, I found /iséolytica infrequently, 
though other species of amoeba were commonly encountered. These 
patients came from Central and Northern South America, one of the 
world’s hotbeds of /istolytica infection, and I can state definitely 
that it is this infection that is responsible for at least 25 per cent., 
and probably more, of obscure gastro-intestinal symptoms in such 
patients. 

I am of the opinion that /Azsfolytica infection in the tropics, or at 
least the American tropics, is for the most part pathogenic, and 
accompanied by more or less progressive intestinal ulceration. 
It is true that I have at times found this infection in healthy, normal 
persons, from.whom no history of gastro-intestinal disturbance 
could be elicited. But these are greatly in the minority, and it is not 
possible to ascertain how long the infection may have lasted, nor 
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what it might do in the future. For many years | have looked for 
patients with /zséolytica infection but free from symptoms, whom | 
might follow. While, in such patients, I find infection rather 
frequently, but no freedom from symptoms, yet I cannot escape 
from the fact that I do not often find /zstolytica in persons free from 
symptoms, past and present, who come from heavily-infected areas. 
At the same time I do not believe that either in acute amoebic 
dysentery or mild amoebiasis, or even in healthy persons who are 
infested, the majority of the vegetative parasites live in the tissues, 
and are thrown or escape from them into the lumen of the bowel. 
I believe that, normally, the parasites live in the lumen of the upper 
portion of the large gut, and that tissue invasion is the part of the few, 
not of the many. Otherwise I cannot account for the enormous 
number of small vegetative forms and cysts at times encountered 
in the stools in the intervals between symptomatic renewals. The 
number of amoebae often found in the stools in amoebic dysentery, in 
the course of the disease and before death, is sometimes out of all 
proportion to that seen in the tissues at autopsy ; and there is no 
relation, whatever, so far as I have been able to determine, between 
the damage found in abscesses of the lung and liver, and the number 
of amoebae found. 

It is, therefore, exceedingly difficult for me to reconcile the survey 
findings in the United States and England with my own clinical 
experience, unless in these countries there exists a different and less 
harmful type of EF. histolytica, and that I do not believe. This is not 
to deny the figures ; the competency and experience of the observers 
above quoted is beyond question, but it goes to show that this is one 
of the many problems in histolytica infection whose solution lies in 
the future. 

Neither can I accept the hypothesis that /zstolytica infection is 
one thing symptomatically in the tropics, and another in temperate 
climates. Although practically all my medical life has been spent in 
the former, in 1918 I spent several months in the training camps in © 
the Southern States. There I saw not a little dysentery, diarrhoea, 
and intestinal disturbance due to /istolytica infection, and two or three 
liver abscesses, and the clinical pictures were exactly those with which 
I had been familiar for many years. A case of liver abscess, with 
abscess of the lung, and typical intestinal ulceration, carefully and 
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accurately described by MacNeal and Klemperer (1925), which 
occurred not long ago in New York, can be matched by similar 
protocols from the hospitals in Panama and the Canal Zone, material 
from which is shown in the photographs. 

It is not characteristic of any of the diseases of man due to 
infection with the pathogenic protozoa that they differ symptomati- 
cally or pathologically, in different climates. Untreated malaria due 
to P. falciparum is as deadly when it relapses in a country where it 
is not indigenous, as it is in the Darien or East Africa. Trypano- 
somiasis runs the same course in England as it does in the Congo. 
An imported case of Kala-azar in the service of Lt.-Col. Roger Brooke 
(1927), formerly Chief of Medical Clinic in Ancon Hospital, might 
have served as a model for the description of this disease in a text- 
book on Tropical Medicine. Pathogenic protozoal infections of man 
are rarely self limited, as are many of those due to bacteria. Unless 
controlled by treatments more or less specific (and I know of no 
absolutely specific treatment for any of them), they are notorious 
for chronicity and a high mortality rate. Balantidium coli, the only 
ciliate infesting man, may or may not take on pathogenicity ; and, 
as we have seen, the evidence on this point as to what FE. histolytica 
does is conflicting, but all the other pathogenic protozoa are very 
definitely harmful, and for the present one is justified in believing 
that /istolytica infection or infestation should be regarded with deep 
suspicion and distrust. I should not like to think I were responsible 
for making a neurasthenic out of a healthy, normal person who may 
harbour this parasite as a harmless guest, but I would far rather 
let him do the honours than be the host myself. 


PATHOLOGY 


The pathology of intestinal amoebiasis differs from that of amoebic 
dysentery only in degree. The essential lesion in each instance is 
ulceration of the mucosa of the colon, but there is difference of 
opinion as to the mechanism by which the ulceration is produced. 
Dobell (1919) states that ‘the amoebae apply themselves to the 
tissues, which they break down, and the organisms thus come to life 
in pools of histolysed tissue which they evidently absorb as 
nutriment.’ 
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Schaudinn, who named the parasite so appropriately, /zstolytica, 
or tissue dissolver, believed that this amoeba has extraordinarily 
tough and powerful pseudopodia, by which it forces itself between 
the cells of the mucous membrane, and other tissues of the colon. 
As Dobell (1919) notes, this description appears to be unfounded. 
Others believe that the amoebae penetrate the tissues first, and 
later bring about their dissolution. What is certain is that the 
presence of /istolytica in the tissues is associated with a lysis or a 
disintegration of their cells, in the beginning not unlike that seen in 
other pathological conditions, and this finally results in a type of 
ulcer with undermined edges peculiar to this disease. 

The usual description is that the amoebae enter the intestinal 
glands, or the interstitial tissue surrounding these, and at first come 
to rest temporarily at the bases of the glands, or in the interstitial 
tissue above the muscularis mucosa. This band, like the outer 
muscle walls, does offer a temporary resistance to further excursions, 
A secondary round cell infiltration takes place later, and the small 
terminals of the arterial system and the little venous radicals, with 
the intervening capillary network very early become congested and 
thrombosed, in the region of the original invasion. The tissue 
affected breaks down, and a minute abscess begins to point into the 
lumen of the gut. Meanwhile the amoebae pass the muscularis, 
and invade the submucosa in all directions, but do not pass upward 
again into the mucosa. The result is a flask-shaped ulceration, with 
the narrow neck pointing into the lumen of the intestine, and the 
round body occupying the submucosa. Due to union of the under- 
mining portions of these ulcerations, and extension to the original 
process, the mucosa over a considerable area breaks down, and the 
typical ‘ crater’ ulcer of amoebiasis is formed, its edges extending a 
considerable distance under the mucosa. It is interesting to note 
that the outer muscular coats offer no inconsiderable resistance to 
not only the passage of the amoebae, but to the histolysing process 
as well; and it is indeed fortunate that this is true. For if the 
amoebae could penetrate the muscle barrier as easily as they wander 
through the submucosa, perforation with peritonitis would follow 
shortly after the beginning of the invasion, and most /istolytica 
infections would soon terminate disastrously for their hosts. There 
is, of course, a certain, and often effective local immunity developed 
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against the histolysing process, as is shown by the self limitation of 
many of the ulcers, and the bands and islands of normal tissue 
between these, even in advanced cases. The pathology of the 
disease, subsequent to ulcer formation, is described by many writers, 
and need not detain us here. A particularly accurate and valuable 
account has been given by Dr. Richard Strong (1925). 

The mechanism by which the early lesions are produced is, 
however, of much practical importance to the clinician. If it be 
indeed true that histolytica always lives at the expense of the host’s 
tissues, then every effort should be bent to eradicate the infection, 
even in healthy individuals, on account of possible and even probable 
later invasion of the liver and other organs, also to prevent dis- 
semination to other individuals. If, again, A7stolytica can live as a 
commensal, becoming pathogenic only under certain conditions, it 
behoves us to know what those conditions are, how to prevent them, 
and what happens to the tissues when invasion begins. It is true that 
the flask-shaped ulcer just noted is commonly called the earliest 
type of lesion, and also that it occurs with frequency. But there is 
a much earlier type, and to the best of my knowledge it has not as 
yet been described. It is difficult to obtain the very early lesions in 
man ; the lesions in the kitten are not fairly comparable, as in these 
animals, once the infection has gained a foot-hold, it proceeds with 
great rapidity and destructiveness. 

During the past year, Dr. Lawrence Getz, Chief of Laboratory, 
and Pathologist to the Santo Tomas Hospital in Panama, has made a 
particularly careful search for the earliest type of invasion, and 
has found it several times, one of which is especially interesting, 
as it was associated with early recrudescence and abscess of the lung 
and liver after prolonged treatment with emetine. Some of the 
lesions are so minute that they cannot be seen macroscopically. In 
all of these cases, however, some degree of ulceration was present 
elsewhere in the large gut, and it was this that gave Dr. Getz the 
clue as to the locality of the tiny lesions. Their microscopical aspects 
are shown in the photographs. 

It appears to Dr. Getz and myself that the very earliest lesion 
is some solution and destruction of the mucosa before any appreciable 
degree of invasion has begun. This is not precisely a confirmation of 
Dobell’s view that the amoebae apply themselves to the tissues, 
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which then break down, but rather it appears as though there is an 
early breaking down out of all proportion to the number of amoebae 
present. A section of the intestinal wall 2-5 cm. in length will show 
this lysis, with only a few amoebae in the mucosa or on its surface, 
and an appreciable proportion of the amoebae will lie in normal 
tissue. Congestion and thrombosis of the very small vessels are also 
found in the earliest lesions we could demonstrate, when the damage 
is entirely confined to the mucosa. 

It seems as though the superficial cells of the mucosa, glandular 
as well as interstitial, break down first of all, and in many instances 
over larger areas than are found in the flask-shaped ulcers themselves. 
Serial sections show that this process is not necessarily adjacent to 
ulceration elsewhere. It will occur throughout six inches or more 
of a mucosa, macroscopically normal or abnormal only to the closest 
inspection. One might suppose that the appearance is caused 
by tearing of the superficial cells in the process of cutting the sections ; 
but adjacent areas of normal tissue, and the indubitable degeneration 
in the separated cells are evidence against this conclusion. 

Such lesions might readily heal, without the formation of scar 
tissue, and the process be repeated many times, but finally the 
usually described ulcer formation begins. Such a process would 
lend support to the views of those who hold that /zstolytica always 
lives at the expense of the tissues of the host, and can live indefinitely 
in this manner without production of further damage. Our material, 
however, does not support this view. Study of the sections shows 
that the process is progressive, and at times ends in typical ulceration, 
although not always of the flask-shaped variety. Many of the 
sections show an entirely different type of invasion, in which large 
portions of the mucosa are, to borrow a military term, attacked all 
along the front, and the entire mucosa over a relatively large area is 
destroyed before appreciable invasion of the submucosa with under- 
mining begins. It would appear that the amoebae may secrete an 
histolytic ferment, perhaps regularly, but perhaps also at irregular 
intervals, that often brings about destruction of the superficial 
mucosa before the underlying tissue is penetrated. 

If this hypothesis gain acceptance, then this parasite should 
never be regarded as even a temporarily harmless commensal, but 
always as a subtle and treacherous enemy, endowed with a very 
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great potentiality for evil towards its host, and it should be treated 
as such, wherever and under whatever conditions found. I cannot 
explain why /zstolytica remains clinically dormant over long periods, 
nor do I understand the mechanism that awakens it to pathological 
activity. The well-known tendency to relapse, particularly after 
dietary indiscretions or over-exertion, or during convalescence from 
other infirmities, may offer a clue, and from cultures of the organism 
it may be possible to determine the nature of the lytic ferment and 
the conditions under which it is produced. 

The essential lesions in intestinal amoebiasis, as distinguished 
from amoebic dysentery, are the localised fully-formed ulcers. These 
ulcers are for the most part found in those places in which stasis is 
greatest. They bring about thickening of the gut wall, and are 
frequently associated with inflammation of the serosa, and the 
formation of adhesive bands that produce, at times, kinking of the 
colon. After reaching a certain size it is probable that they become 
indolent. Microscopic examination of material recovered at 
operation or autopsy shows that, as a rule, but few amoebae are 
present, and these not engaged in further penetration of the tissues. 
The sites and number of the ulcers, and the amount and extent of 
adhesions and bands produced by them, determine the sympto- 
matology. 

Clark (1927) analysed the autopsy protocols of amoebiasis in 
Ancon hospital, from 1905 to 1923, inclusive. Since then only four 
cases of histolytica infection have come to autopsy there, protocols 
of which have been furnished me by Dr. L. B. Bates, Chief of 
Laboratory. In the past three years, Dr. Lawrence Getz has collected 
25 autopsies in Santo Tomas Hospital, in which intestinal 
amoebiasis has been encountered. The findings in these later 
29 other cases are practically identical with those of Clark, and 
we are fortunate in having material from all of these later 29 
for study. It is to be regretted that the earlier records of Santo 
Tomas Hospital are not at present available, but Clark’s findings 
may be taken as typical of Azstolytica infection in the Canal Zone and 
Panama, over a period of twenty-two years. 

There were, in all, 186 cases. The ulcers were scattered 
throughout the colon in I13 cases, or 60-7 per cent. ; they were 
found in certain regions only in 63 cases, or 33:8 per cent., and 
there were IO cases, or 5:3 per cent., in which secondary amoebiasis 
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of some form was found, but no ulcers or only scars in the colon. 
The order of frequency of ulceration, whether in generalised or 
localised infections, was the caecum, ascending colon, rectum, sigmoid 
and appendix. The sites of election in those cases, in which the 
ulceration was more or less localised, are of particular interest, since, 
except in the sigmoid and rectum, these are the cases of amoebiasis 
without dysentery, for a general invasion of the colon produces 
dysentery. These were, singly or in combination with one or two 
other locations ; the caecum, in 87-3 per cent. ; the ascending colon, 
in 57:1 per cent.; the rectum, in 39-6 per cent.; the sigmoid, in 
33°3 per cent.; the appendix, in 33-3 per cent., and the hepatic 
flexure and the descending colon, each only 4-7 per cent.; the 
splenic flexure, in 12-6 per cent. The ileo-caecal valve and adjacent 
portion of the ileum was not involved in this series. Only when the 
ulceration was general was involvement found here, and that in only 
5:3 per cent. It is highly significant that in localised ulceration, as 
seen at autopsy, the caecum is involved more than twice as often as 
the sigmoid and rectum, while in general distribution the involve- 
ment is about the same in all three localities. 

That the distribution at autopsy, given by Clark, in more or less 
localised ulceration, is that found in clinical cases is not, as yet, 
susceptible of direct proof. But findings in abdominal operations in 
these cases bear out his observations. For the past five years, 
Vallerino (1924), of the Herrick Clinic in Panama, has been studying 
filing defects and distortions in the large gut, by use of the X-ray, 
and barium suspension given per os and per rectum. He does not 
claim that his findings are diagnostic of amoebic ulceration and 
secondary distortions, but there is evidence that they are of value 
in determining the extent and locality of the damage. He has not, as 
yet, completed the correlation of his results with those of Clark, 
and the clinical findings, but preliminary studies show a substantial 
agreement between the sites of the lesions, as shown in the X-ray 
plates, and those determined in their order of frequency by Clark, 
when the ulceration is not general, i.e., the caecum and ascending 
colon are involved much more frequently than the lower sigmoid and 
rectum. I have been able to confirm this in part by directly 
examining the rectum and lower sigmoid, to which reference will be 
made later. 

In regard to secondary complications of amoebiasis, there were 
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95 cases in the 186, or 51 per cent., that had associated abscess of the 
liver, which was solitary in 40 cases, and multiple in 55. There was 
abscess of the lung in six cases only, five directly communicating with 
abscess formation in the liver, and only one in which there was no 
perforation of either leaflet of the diaphragm. Abscess of the brain 
occurred only four times, three of these after an associated liver 
abscess had been drained by the surgeon. Next in order of frequency 
to liver abscess as a complication was peritonitis, due to pyogenic 
infections from the thin basis of unruptured amoebic ulcers, which 
was found 19 times, and there were 18 cases in which direct perfora- 
tions, single or multiple, from the amoebic ulcers had taken place, 
with resulting general or local peritonitis. 

Clark has shown that, at autopsy, it is rare indeed to find true 
amoebic lesions, due to dissemination of the parasites by blood 
or lymph channels, beyond the liver. In a total of 215 cases over a 
period of twenty-two years, in Panama and the Canal Zone, extra- 
portal lesions were found in two places only ; in the lungs, and here 
mostly by direct extension, and still more infrequently in the brain. 
Peritonitis was due to bacterial infection, secondary to thinning or 
penetration of the intestinal wall. These are also the findings of 
other observers elsewhere, and it might be well to bear these facts 
in mind in considering the claims made for various disorders said to be 
due to a systematic distribution of the parasites. 

Kofoid (1924) has collected reports of amoebae stated to be 
histolytica, in the bladder, the urine, the testes, the Fallopian tubes, 
the spleen, the malar sinuses, the bone marrow, the lymph glands, 
the skin, and associated with iritis. Dobell (1919) and Wenyon (1926) 
have criticised many of these findings, and are not convinced that 
histolytica and, in some instances, any amoeba, was actually present. 
However, a direct extension of an ulcer of the large gut, or an abscess 
of the liver, into any adjacent organ is possible. The lymph sinuses 
and spaces of the colonic wall are frequently crowded with amoebae, 
but these rarely pass to a mesenteric gland. The only instance of 
this process in my possession is apparently due to direct extension 
from the intestine (Plate VIII). 

There is no a priori reason why /istolytica that have passed the 
liver should not lodge in any or all of the organs or localities above 
mentioned and others as well. But if this were true, some indication 
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of such localisation might reasonably be expected at those autopsies, 
in which all the damage possible appears to have been done. When 
one sees 1n a single instance the entire colon a mass of ulcers, from 
the ileo-caecal valve to the rectum, the liver riddled with multiple 
small abscesses, an abscess of the brain, most of the lower lobe of the 
right lung destroyed, a general peritonitis due to the perforation of 
single or multiple ulcers, without any other evidence of amoebic 
invasion, one is permitted a certain scepticism as to whether this 
parasite is often carried to other localities, or is the cause of not 
infrequent pathological conditions elsewhere. 


SYMPTOMATOLOGY 


The symptomatology of uncomplicated intestinal amoebiasis is 
simply that of a more or less severe ulcerative colitis. It was 
discussed at length by Deeks and myself (1924). It is, unfortunately, 
not given the attention it deserves by writers on this subject, although 
they recognise a latent colitis between attacks of amoebic dysentery. 
Almost any gastro-intestinal condition may be and is simulated, 
from simple indigestion to obstruction and cancer. Diarrhoea 
alternately with constipation, and colicky pains, referred to any 
site along the course of the large bowel, are common features. 
Amoebic typhilitis is the most frequent lesion, and resembles chronic 
appendicitis so closely that the diagnosis can be made only by the 
surgeon at operation. Insevere or advanced cases the appendix itself 
is frequently involved, but ulceration here is uncommon in amoe- 
biasis without dysentery. That form of colonic irritation known as 
mucous colitis may be counterfeited exactly, and in such instances 
the lesions are usually limited, and the amoebae very difficult to find. 
The walls of the gut may become so swollen and infiltrated that the 
lumen is almost closed. This is a very serious condition, and 
generally a resection is necessary. In short, the symptomatology is 
variable in the extreme, and often repeated and careful search by 
those qualified to recognise the small vegetative and cystic forms of 
E. histolytica is necessary to establish the diagnosis. 

One feature of milder intestinal amoebiasis is that its symptoms 
persist in spite of simple dietetic and remedial measures, or if they 
do improve, they recur readily and with frequency. Another is 
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that except in grave and prolonged infections the patients frequently 
retain their usual weight and are otherwise healthy. It often seems as 
though the extent of ulceration remains localised. 


DIAGNOSIS 


The physical examination does not help much in determining the 
diagnosis. Points of tenderness corresponding to areas of ulceration 
may be found, and in chronic cases the thickened portions of the 
colon may be felt. During the past few years I have given particular 
attention to the examination of the liver, since it is so frequently 
stated that in active intestinal amoebiasis that organ is often enlarged 
and tender. I have not found this regularly, and in most of my cases 
the liver is normal in size, and when palpable, it is not particularly 
sensitive. 

When the ulceration is in the lower sigmoid and rectum, it can, 
of course, be seen by the aid of the proper instruments. Even at 
autopsy Clark found ulceration here in only 40 per cent. of the 
cases in which it was more or less localised. Boyers (1925) finds 
congestion, hyperemia and ulceration in nearly all his cases. 1 have 
examined the rectum and lower sigmoid in about one hundred cases of 
positive infection during the past two years. Half of these cases 
showed a normal mucous membrane. In the other half there were 
patches of hyperemia or congestion, and in about 25 per cent. of the 
total, small superficial ulcers were found, most frequently on the 
inner surface of the valve separating the sigmoid and rectum, in 
scrapings from which amoebae could be occasionally found. Typical 
ulceration, such as is seen in acute dysentery, was not demonstrated. 
In acute and sub-acute dysentery the ulceration is evident, and its 
healing offers an indication as to the progress of treatment. 


EXAMINATION OF THE STOOLS 


It is by this method that a certain diagnosis of /istolytica infection 
can be made, whether manifested as a mild digestive disturbance or as 
acute dysentery. It is not my purpose here to describe the 
differentiation between /zsfolytica and the three other amoebae 
commonly found, nor to go into detail as to the proper technique to 
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be used, although the latter is exacting and somewhat laborious. 
Descriptions of the amoebae of man and the best methods of demon- 
strating them are ably given by Dobell, Kofoid and his colleagues, 
and by Wenyon and Craig. [ would point out certain indispensable 
factors in the examination of the stools, which may not be omitted if a 
correct diagnosis is to be obtained. 

Dobell (1917) was the first to show the necessity of repeated 
examinations, and the lack of value of a single negative examination, 
and his work has received ample confirmation by others. Their 
findings may be summarised in the statement that at least six stools 
and sometimes more should be carefully examined before declaring a 
patient free from infection. This work, however, is based on survey 
figures, and for the most part on the examination of old stools, in 
which the vegetative forms were lost, and only cysts were found. 

My own work in the past three years has convinced me that if 
reasonably fresh material is used, the number of necessary examina- 
tions may, in most instances, be reduced to three. The survey 
data show that one-third of the total positives are determined on the 
first examination, while with fresh material I obtain 75 per cent. 
positive on the first, and go per cent. positive on the second. This 
increase over the survey figures is due to the finding of vegetative 
forms when cysts are not present. In private and hospital practice 
reasonably fresh material should be used whenever possible. — It is of 
importance to the patient and, indeed, essential when time is a factor 
of importance, that a definite conclusion be reached without 


unnecessary delay. 


THE USE OF WET-FIXED AND STAINED OR PERMANENT 
PREPARATIONS 


There are four common species of amoebae, and one found 
rarely, each of which assumes different forms at different times, and a 
thorough knowledge of all their various aspects is essential if the 
determination is to be made from fresh material. I have worked with 
fresh and old material for many years, and I am now entirely con- 
vinced that I cannot recognise the small vegetative and pre-cystic 
forms of histolytica, and not infrequently the cysts themselves, in 
unstained material, with the certainty necessary for accurate clinical 
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diagnosis. A recent check of my findings, in fresh, as against 
permanent preparations, covering a period of three years and over 
300 cases, shows that in fresh material I mistook /istolytica for 
another species, or vice versa, in from I0 to 15 per cent., of cases, and 
overlooked it entirely in from 5 to 10 per cent. more; while in a series 
of permanent preparations from the same material, submitted to 
recognised authorities for examination, there was practically a 
complete agreement in the findings of all of us. I estimate my 
percentage of error in examinations based on fresh stools at 25 per 
cent. 

The physician who receives a report of positive histolytica infec- 
tion from his own or any other laboratory should, I believe, insist 
on a permanent preparation to verify the findings, since it is no 
light treatment that his patient is to follow subsequently. 

Even in permanent preparations, there are small vegetative 
stages of /ustolytica and colt that resemble each other so closely 
that several examinations must be made before one can be certain. 
In the survey reports mixed infections are more frequent than are 
single ones, and triple, and even quadruple infections are sometimes 
found. 


THE NECESSITY OF PROPER TRAINING 


The determination of the species of the amoebae of man by 
examination of the stools is not only a matter of long and careful 
study, but requires, as well, a special aptitude for the task in hand. 
Competent laboratory workers will often overlook the small forms 
entirely. For many years, experienced observers failed to 
demonstrate mana and butschlit, even when present in quantity. 
Qualified protozoologists were long satisfied that histolytica and coli 
were the only species found in man. As far back as 1912, I found 
a mixed infection of histolytica and what I took to be a small, free- 
living amoebae, that had temporarily gained a foot-hold in the large 
gut. Preparations from this material were sent to those who were 
then, and are to-day, recognised authorities. No two of them 
agreed as to the second species. I know now that it was a small 
race of J. butschlit, 
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Dobell (1917) says: ‘ The errors committed by an examiner 
with little or no previous experience are such as I could not have 
believed possible, if I had not actually encountered them ; and in 
cases Where the health of a patient is at stake, it is, | believe, almost 
better that no examination at all should be made, than that it should 
be made by an incompetent and inexperienced person.’ 

Professor Dobell is not here describing untrained workers, he is 
writing of his experiences in teaching the identification of the amoebae 
of man to a selected group of thirty-seven workers accustomed to the 
use of the microscope, and with previous laboratory training. At 
the end of five weeks there were five of these workers classified as 
having obtained considerable proficiency. 

However, if the identification of /istolytica in fresh specimens is a 
task to be entrusted only to the few, the analysis of good permanent 
preparations is within the skill of the average laboratory worker or 
technician. Personally, in doubtful cases, I no longer accept my own 
findings based only on fresh material, and rely for the final determina- 
tion exclusively on wet-fixed and stained preparations. It is true 
that the technique is tedious, but it is less so than that of preparing 
suitably-stained sections from tissues suspected of containing cancer 
or Hodgkin’s disease. 


TREATMENT 


Those who are familiar with the gross and microscopical pathology 
of amoebic infection do not expect to cure their patients with a few 
doses of any so-called specific, within a few days, or even weeks. 
The many systems of treatment employed, the wide divergence of 
opinion as to their efficacy, the number of drugs that have been 
proposed from time to time, offer eloquent evidence as to the long 
duration, frequency of relapse, and stubbornness of the disease. 
The difficulty of curing peptic and duodenal ulcers, even the smaller 
ones, by medical treatment, is well known, and good results have 
been obtained at times by radically different methods. In intestinal 
amoebiasis there may be from two or three to many ulcers of the 
colon, and sometimes ulcers of the appendix as well, as large or larger 
than those found in the stomach or duodenum, and equally as chronic. 
I do not know why the former should be supposed to heal more rapidly 
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than the latter: yet there are those who advocate a few doses of 
emetine, ipecacuanha, stovarsol, yatren, or some other drug, and as 
soon as the symptoms have abated and the stools are formed, dismiss 
the patient without further thought as to after-treatment or diet. 
It is certainly true, as pointed out by Sandwith (1914), in discussing 
the use of ipecacuanha, in his admirable Lettsomian Lectures on 
Dysentery, that for many years only the symptoms were treated, 
and not the underlying causes. The brilliant and, at times, magical 
temporary results that followed the introduction of emetine caused 
many to forget the relapses that so frequently followed. 

Deeks and myself, after eighteen years of study, are of the opinion 
that there are three essential factors which must be included in any 
treatment if this is to be successful. These are, the elimination of the 
amoebae from the lumen of the bowel, their destruction in the tissues, 
and the healing of the lesions produced by them. If the ulcers can 
be made to heal, we believe that the tissues will take care of their own 
amoebae. That they actually do this, is shown by the scanty 
number of organisms found in sections of old and indolent ulcers. 
The amoebae in the lumen of the bowel must be removed, on account 
of the ever-present menace of relapse. 

Notwithstanding the claims made for them, from time to time, 
ipecacuanha, emetine and its modifications, yatren, stovarsol, 
salvarsan and other arsenicals, and, lately, mercurochrome, have not 
stood the test of time as reliable specifics against the disease. When 
used alone, or in combination, they do frequently produce brilliant 
temporary results. Emetine and its modifications have, without 
question, lowered greatly the mortality and morbidity in amoebic 
dysentery and liver abscess. But far too large a percentage of so- 
called cures are followed by a condition of chronic amoebiasis that is 
difficult to eradicate, and this is plainly seen in endemic foci. 

We believe that the prolonged use of bismuth sub-nitrate in large 
doses, 12 to 14 grams to the dose, from three to five times a day, 
combined with rest, irrigation of the gut when indicated, and a 
proper diet, will give a high percentage of satisfactory results. We 
use emetine in doses according to the susceptibility of the patient 
to the drug, a variable factor. We instruct the patient to follow a 
rigid, but nutritious diet, and to take bismuth for several months. 
In fine, we build up the health and resistance of the patient, and treat 
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the ulcerative colitis, believing that if this can be cured the amoebae 
in the tissues will disappear. This treatment also is highly efficacious 
against the amoebae in the lumen of the gut. 

Emetine and its compounds must be used with discretion. They 
are not drugs to trust to the patient himself, nor in untrained hands. 
They have a powerfully depressant and even a toxic effect on the 
myocardium, and not infrequently produce a true paralysis of various 
groups of the voluntary muscles. 

In stubborn cases, in which the health of the patient is impaired, 
which have resisted carefully thought out medical treatments, the 
problem is the same as in rebellious ulcerative colitis, due to other 
causes, and caecostomy may be considered. It might be that in such 
cases the appendix is also involved, and it should be removed, at the 
same time as the caecostomy is performed. We very rarely see, 
to-day, the great emaciation and exhaustion that follow long- 
continued amoebic dysentery, but years ago, in Ancon Hospital, 
Dr. A. B. Herrick used to treat such cases by doing a wide open 
caecostomy, with frequent irrigations, and sometimes the results 
were excellent. | 

In conclusion, I venture to offer the opinion that the canons 
governing the diagnosis, pathology, and treatment of amoebiasis 
due to infection with F. /istolytica will not be closed for many years 
to come, however far we may believe we have advanced in our 
knowledge of this disease. 
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EXPLANATION OF PLATE IV 


Two Entamoeba histolytica lying in a small vessel in the liver. 
x 3690. From an original. x 800. From a preparation of Santo 
Tomas Hospital, autopsy No. 8750, by Major H. C. Callender, 
Medical Corps, U.S. Army, Curator of the Army Medical Museum in 


Washington. 
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EXPLANATION OF PLATE V 


(Check No. 44925—50A.) 110. Avery early stage of invasion. 
Above the arrow is a small area of necrosis which is shown under the 
high power in the next Plate. In this area is one amoeba, and this 
is the only amoeba found either in the individual or in the serial 


sections from this area. 
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EXPLANATION OF PLATE VI 


(Check No. 44930—56B.) x 870. High power of Plate V, 
immediately above the arrow; showing the area of necrosis 


+ surrounding the single amoeba. 
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EXPLANATION OF PLATE VII 


(Check No. 44695—1A.) 38. Typical crater ulcer with 
undermining of the mucosa and involvement of the sub-mucosa. 
Although this is a relatively small ulcer, it may be taken as charac- 
teristic of the larger shallow ulcers, and demonstrates plainly the 
necessity of careful and prolonged treatment before the ulcer will 
heal. Larger ulcers of this type inevitably leave scar tissue after 


healing. 
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EXPLANATION OF PLATE VIII 


(Check No. 44696—1B.) x 610. Amoebae ina small vein in the 


sub-mucosa, a little away from the margin of the ulcer shown in 


Plate VII. This vein is adjacent to and enters the inner muscle coat. 
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EXPLANATION OF PLATE IX 


(Check No. 4469g—1c.)  » 610. Amoebae in a small lymph 
channel adjacent to the vein shown in Plate VIII. The fate of the 
amoebae in these lymph channels is of interest. They are rarely 
found in the mesenteric lymph glands, and as noted in the text, the 
only instance of this in our possession 1s due to direct extension from 


the intestinal wall. 
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EXPLANATION OF PLATE X 


(Check No. 44717—16.) » 120. Another picture of superficial 
invasion of the mucosa. It will be noted that the muscularis mucosae 
and submucosa are relatively in good condition, although there is a 
definite round cell infiltration. Amoebae are present in the 
muscularis mucosae and have separated some of the fibres. _Amoebae 


are invading the submucosa. 
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EXPLANATION OF PLATE XI 


(Check No. 44710—10.) x 870. Santo Tomas Hospital autopsy 
N.S. 41. A small lymph channel lying in the submucosa beneath 
the ulcer in Plate X. It is crowded with amoebae. This patient 
had had a thorough course of emetin before death. 
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EXPLANATION OF PLATE XII 


(Check No. 44708—9gA.) x 380. Santo Tomas Hospital autopsy 
No. 41. A submucous lymph follicle lying just under an ulcer of the 
mucosa. Amoebae had passed the muscularis mucosae and were 
scattered all through the submucosa. The lymph follicle itself is 


invaded. 
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EXPLANATION OF PLATE XIII 


(Check No. 44709—9B.) x 870. A higher power view of the 
lymph follicle in Plate XII. The focus is on the amoeba in the 
centre of the follicle. Other amoebae can be seen at the top, and 
below, outside the capsule of the gland. This photograph shows 
plainly that when amoebae are present in lymphoid tissue, they can 
be easily demonstrated by proper fixation and staining, and can also 


be photographed with accuracy. 
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EXPLANATION OF PLATE XIV 


(Check No. 44715—14.) 610. A lymph channel in the 
submucosa, with many amoebae from a case of advanced amoebiasis. 
Santo Tomas Hospital autopsy No. 8932. There are also many 


amoebae scattered throughout the tissue. 
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EXPLANATION OF PLATE XV 


(Check No. 44997—47B.) » 870. Junction of inner and outer 
muscle coats in an advanced case, showing a group of amoebae at the 


junction and others in the tissue. 


cal 


248 
» 
* 
7 
7 
d age 
4 
4 
. q 
| 


4 vals of Trop. Med. & Parasilol., Vol. XNTI PLATE XV 


“2 
C. Tinling & Co., Lid., Imp. 


EXPLANATION OF PLATE XVI 


(Check No. 44740—}32.) ™» 110. Santo Tomas Hospital autopsy 
No. 41. Section of the wall of an abscess of the lung following an 
unresolved lobar pneumonia in a case of amoebic dysentery without 
abscess of the liver. Dr. Getz reports that the liver was normal. 
There were many shallow ulcerations throughout the entire large 
intestine and rectum. Some of these appeared to be recent and 
others in the process of healing. Smears from the bases of the ulcers 
showed numerous active Entamoeba Iustolytica. Smears from the 
wall of the abscess of the lung showed active /istolytica. Neither 
Dr. Getz nor Dr. James have, as yet, been able to demonstrate 
these amoebae in the sections of the wall of the abscess. This is a 
case which had been thoroughly dosed with emetin at intervals for a 


month prior to death. 
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EXPLANATION OF PLATE XVII 


(Check No. 44987—54c.) x 650. An amoebae in the meso- 
colon, from a case with a penetrating ulcer. The amoebae had passed 


via the meso-colon to the capsule of a lymph gland. 
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EXPLANATION OF PLATE XVIII 


(Check No. 4474I1—33A.) 110. Ancon Hospital specimen 
No. 12825. Dr. Bates states that the origin of the tissue was a 
tumour mass of vulva (/abia minora and majora) invading the rectum, 
and the gross note showed several small papillomatous pieces of dark 
skin and subcutaneous tissue. Many were fairly fibrous and the raw 
surfaces were rather granular. The dark field examination showed 
treponema resembling 7. pallida, and some others suggestive of the 
organisms of Vicent’s angina. Sections stained by Levaditi’s method 
showed organisms similar to Vicent’s spirillum, some of which 
were interpreted as true pallida. Stained by other methods, amoebae 
were found throughout the superficial and deep portions, but more 
especially in the deeper areolar tissues. The patient died a few 
days later, and the autopsy showed a massive ulcerative and diph- 
theretic process of the caecum and the colon to the splenic flexure. 
(Autopsy No. 6764, Ancon Hospital). From the splenic flexure to 
the lower large intestine large and small ulcers were found, and the 
lower rectal mucosa showed the same condition as found in the 
caecum, which extended to the anus. Smears from the ulcers 
showed many amoebae. The patient had previously been in Ancon 
Hospital with a diagnosis of secondary syphilis with condylomata 
of the vulva, and a positive Wasserman, and had received five 
injections of ‘ 606.’ It will be seen that the ulcerative process, as 
noted by Dr. Bates, is confined chiefly to the areolar tissue, and 
that the epithelium itself is intact. 
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EXPLANATION OF PLATE XIX 


(Check No. 44742—33B.) ™ 870. This figure shows a papilla 
of the corium in the epidermal layer. It will be noticed that the 
connective tissue of the papilla has been destroyed, but that the 
epithelium is not invaded. In careful studies of many sections, 
from this material, no amoebae were found invading the epithelia! 


tissue itself. They were all found in the various parts of the corium. 
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EXPLANATION OF PLATE XX 


(Check No. 44743—34.) 175. A section stained by the 
Levaditi method. The small, dark-coloured cells, lying in the 
papillae and in the subcutaneous areolar tissue are all amoebae, 
and it will be seen that none of them have invaded the epithelium 
itself. 
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ADDITION TO THE EXPLANATION 

OF SYSTEMATICS OF NEMATODES 

PARASITIC IN THE FRONTAL SINUS 
AND LUNGS OF MUSTELIDAE 


BY 


A. M. PETROW 


(Helminthological Division of the State Institute of Experimental 
Medicine, Petrograd) 


(Received for publication 6 May, 1928) 


In 1927, I published a new description of two species of 
Nematodes, namely, Ftlaroides mustelarum (Rud., 1819), van 
Beneden, 1858, and Spiroptera nasicola Leuckart, 1842. 

In Russia Filarotdes mustelarum (Rud., 1819), van Beneden, 1858, 
has been found in the lungs of the following hosts :—Lutreola 
lutreola ., Putorius putorius L., and Arctogale erminae L. (Moscow, 
Nishegorodsky and Severo Dvinsky). After studying the literature 
of the subject we reached the conclusion that Filavoides mustelarum 
(Rud., 1819), van Beneden, 1858, should, according to the rules of 
zoological nomenclature, be named Filarotdes bronchialis (Werner, 
1782). 

The question of the systematic position of Itlarotdes bronchialis 
(Werner, 1782) remains unsolved, as we did not succeed in extracting 
from the lungs a whole specimen. Nevertheless, among the fragments 
obtained were the cephalic end of the male, and the caudal end of 
both the male and the female. These served as a basis for a short 
description of the species. 

Another species, Spivopiera nasicola Leuckart, 1842, was found in 
the frontal sinus of Arctogale nivalis L. (Moscow, Severo-Dvinsky and 
Siberia). A detailed study showed that it is a representative of the 
family PROTOSTRONGYLIDAE Leiper, 1926, and it was placed by us in 
a new genus, which we called SKRJABINGYLUS Petrow, 1927. 

These two species, although given many different names, were 
rightly, until 1868, kept separate and independent. In 1868, 
Weijenbergh erroneously described the species Spivoptera nasicola 
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Leuckart, from the frontal sinus of Arctogale erminea, as Iilaroides 
mustelarum. Linstow in 1873, and Stossich, in 1897, repeated his 
error. 

Simultaneously, in 1927, Cameron described these two species, 
and made the same mistake ; he recorded the species Skrjabingylus 
nasicola (Leuckart, 1842), from the frontal sinus of Aliustela nivalis, 
as Filarotdes mustelarum (Rud., 1819), van Beneden, 1858, and made a 
new species and genus, namely, Pseudostrongylus putorius, for the 
species [ilaroides bronchialis (Werner, 1782), van Beneden, 1858, 
from the lungs of Putorius putorius. In order to clear up this 
confusion, we think it necessary to give now the history of the 
species Itlaroides bronchialis (Werner, 1782), van Beneden, 1858, and 
Skrjabingylus nasicola (Leuckart, 1842, Petrow, 1927). 


FILAROIDES BRONCHIALIS (Werner, 1782) 


In 1708, Redi first found this species in the cysts of the lungs 
of four Martes forna Erxcl. In 1782, Werner described it from the 
lungs of Martes martes L., naming it Gordius bronchialis. In 1810, 
Rudolphi found it in the lungs of Putorius putorius L., and named 


Fic. 1. Filarotdes bronchialis. Male, caudal end. 


it Filaria mustelarum pulmonalis. The type of this species was 
studied, in 1845, by Dujardin, who described it as Filaires des martes 
et des putois. He stated that the body was 170 mm. in length and 
oO-4 mm. in maximum breadth ; the width of the cephalic end was 
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v1o mm.; the eggs, with the embryo, were 0-042 mm. in length. 
In his conclusion Dujardin remarks that this parasite is probably 
not a representative of the genus Filaria. This species was registered 
as Filaria mustelarum (pulmonalis) Rud., by Diesing, in 1855, and by 
Molin, in 1858. In 1858, however, van Beneden described this 
species from the lungs of a polecat and removed it into the new 
genus Filarotdes. 

Since 1858 the species has been mentioned by Weijenbergh who, 
in 1868, erroneously described, under the name of JF ilarotdes 
mustelarum (Rud.), the species Skyjabingylus nasicola (Leuckart), 
found in the frontal sinus of Arctogale erminea 1. The same mistake 
is repeated by Linstow, in 1873, and Stossich, in 1897. In 1926, 
Yorke and Maplestone rightly described the parasite encysted in 
the lungs of martens, weasels, etc., under the name Iilarotdes 
mustelarum (Rud., 1819) ; they do not, however, mention the species 
Spiroptera nasicola, described by Leuckart, Weijenbergh and Linstow, 
from the frontal sinus of certain A/ustelidae. 

Cameron (1927), as we have noted, described the species under 
the name Pseudostrongylus putorius Cameron, 1927, from the lungs of 
Putorius putorius, and included it in the family PROTOSTRONGYLIDAE 
Leiper, 1926. About the same time (1927) this species was described 
by me as Lilaroides bronchialis (Werner, 1782), from the lungs of 
Lutreola lutreola L., Putorius putorius L., and Arctogale erminea L., 
but as I had no whole specimen of the parasite I was obliged to leave 
unsolved the question of the systematic position of the species. 

Therefore, according to the rules of zoological nomenclature, this 
species, described first by Werner, in 1782, must be named Fi/arotdes 
bronchialts (Werner, 1782), van Beneden, 1858, and belongs, according 
to Cameron, to the family PROTOSTRONGYLIDAE Leiper, 1920. 


SKRJABINGYLUS NASICOLA (Leuckart 1842) 


This parasite was first described by Leuckart, in 1842, as 
Spiroptera nasicola, from the frontal sinus of Putorius putorius, and 
Martes foina. Leuckart gives the following description of this 
species: ‘Corps rouge, téete non distincte; bouche orbiculaire, 
nue ; oesophage court, étroit en avant, plus large en arriere. Male 
long de 11°25 mm. a 13°5 mm.—queue droite, non enroulée, munie 
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d’ailes tres courtes, quelle dépasse de trés peu, et armée d’unc 
pointe terminale, spicule de longueur médiocre. Femelle longue 
de 18 a 27 mm. ; vivipare.’ 

In 1845, Dujardin recorded the species Spiroptera nasicola 
Leuckart, and gave Leuckart’s description of it, remarking that it 
was not a representative of the genus SPIROPTERA. In 1855, 
Diesing also referred to the species as Spiroptera nasicola Leuckart. 
Accordingly both Dujardin and Diesing considered the two species, 
Filaria mustelarum (pulmonalis) Rud., and Spiroptera nasicola 
Leuckart, to be distinct. In 1868, however, Weijenbergh, dealing 
with the latter species which he had found in the frontal sinus of 
Arctogale erminea, erroneously described it as Filaroides mustelarum 
(Rud., 1819). In his work he gives a beautiful drawing of a perforated 
skull of Avrctogale erminea and several drawings and a detailed 
description of the parasite. It appears from his description and 
drawings that he was dealing with the parasite described by Leuckart 
as Spiroptera nasicola, but not being acquainted with this work, 
Weijenbergh identified his species with J‘ilaroides mustelarum (Rud.), 
van Beneden, 1858. 

Weijenbergh stated that before his own researches the species 
Iilaroides mustelarum had been obtained by a number of authors 
(Redi, Werner, Rudolphi and van Beneden) only from the lungs and 
trachea of MUSTELIDAE, and that he was the first to find it in the 
frontal sinus. He quotes a letter received from van Beneden, in 
which the latter states: ‘. . .. c’est un fait nouveau et en tout cas 
fort interessant, que ce ver est remonté des bronches et parvenu 
dans le sinus frontal ot: il a perforé les parois jusqu’a la peau.’ 
Weijenbergh closes his work with the following words, concerning 
van Beneden’s letter: ‘Ce sont surtout ces paroles du célebre 
helminthologiste qui m’ont donné le courage de publier cette notice.’ 
In 1873, Linstow repeats the mistake of Weijenbergh, describing the 
parasite found in the frontal sinus of Lutra lutra, as Filaroides 
mustelarum (Rud., 1819). He gives a large number of drawings and a 
detailed account which show that he was dealing with the parasite 
described by Leuckart as Spiroptera nasicola. In his references to the 
literature dealing with Filaroides mustelarum Linstow quotes 
Redi, Werner, Rudolphi, Dujardin, Diesing, Molin and van Beneden, 
who describe Filaroides mustelarum, and finally Leuckart, thus 
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identifying the species Spiroptera nasicola Leuckart, with the species 
Filaroides mustelarum (Rud.). 

In 1897, Stossich partly repeated the error of Weijenbergh and 
Linstow, in describing the species from the frontal sinus of 
MUSTELIDAE, as Filaroides mustelarum (Rud.), but in his references 


Of) 


Fic. 2. Skrjabingylus nasicola. Male, caudal end. 


he does not mention Leuckart. At the same time, he describes, as 
an independent species, the one found by Leuckart, under the name 
Filaria nasicola (Leuckart). Thus, in the work of Stossich, the 
description of one and the same species figures under two different 
names, Filaroides mustelarum (Rud.) and Filaria nasicola (Leuckart). 

In 1926, Yorke and Maplestone did not mention S#iroptera 


nasicola Leuckart. 
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In 1927, Cameron included Sfiropteva nasicola, from the frontal 
sinus of Mustela nivalis, in the family PROTOSTRONGYLIDAE Leiper, 
1926, but wrongly named it Filaroides mustelarum (Rud., 18109), 
van Beneden, 1858. 

Simultaneously, in 1927, this species from the frontal sinus of 
three Arctogale nivalis was described by me and included in the 
family PROTOSTRONGYLIDAE, but it has been moved into the new 
genus SKRJABINGYLUS Petrow, 1927, erected by us. 


Genus SKRJABINGYLUS Petrow, 1927 


Diagnosis.—Nematodes of the family PROTOSTRONGYLIDAE, the 
body of which is covered with a strong cuticle. The oral aperture 
opens terminally and leads into the mouth-capsule. The caudal 
end of the male is provided with a fine bi-lobed bursa copulatrix, 
which has the appearance of two bud-like formations. Each of these 
is provided with five papillae. Two equal spicules have side-alae. 
Gubernaculum present. Genital aperture of the female situated 
some distance posterior to the middle of the body. Two divergent 
uteri. Viviparous. The type and, until now, only species of this 
genus is SKRJABINGYLUS NASICOLA (Leuckart, 1842), parasitic in the 
frontal sinus of wild carnivora of the family MUSTELIDAE. 
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CONTRIBUTION TO THE FAUNA OF 
HORSE-STRONGYLIDS OF U.S.S.R. 


BY 


N. P. POPOFF 


(Helminthological Division of the State Institute of Experimental 
Veterinary Medicine) 


(Received for publication 20 May, 1928) 


In 1918 Professor K. I. Skrjabin first applied his method of 
helminthological dissection to the study of the helminth fauna of 
horses in U.S.S.R. This method of dissection is a task requiring much 
labour and time, not less than a month being required for the complete 
examination of a horse. From 1918 to 1920 Skrjabin collected 
strongyles from seven horses in the Don district and, in 1921, during 
the Fifth Helminthological Expedition of the Union, from one 
horse in Katta-Kurgan (Samarkand district). From 1920 to 1925 
three horses were similarly dissected in Moscow. Professor Skrjabin 
has kindly given me this material for examination. The following 
is a summary of the mature forms of the parasites found, and an 
account of the larval forms will appear in a subsequent paper. 


Sub-order STRONGYLATA Ratlliet and Henry, 1913. 
Family STRONGYLIDAE Baird, 1853. 
Sub-family STRONGYLINAE Railliet, 1893. 


I. Genus OESOPHAGODONTUS Railliet and Henry, 1902. 
Species : Oesophagodontus robustus (Giles, 1892). 


II. Genus TRIODONTOPHORUS Looss, 1902. 


Species : Triodontophorus serratus (Looss, 1900). 
Triodontophorus brevicauda Boulenger, 1916. 
Triodontophorus tenuicollis Boulenger, 1916. 


Sub-family TRICHONEMINAE Railliet, 1916. 


III. Genus GYALOCEPHALUS Looss, 1900. 


Species : Gyalocephalus equi Yorke and Maplestone, 1918. 
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IV. Genus POTERIOSTOMUM Quiel, 


Species : Poteriostomum imparidentatum Quiel, 1919. 
Poteriostomum ratzu var. nana Theiler, 1923. 


V. Genus TRICHONEMA Cobbold, 1874. 


Sub-genus T richonema (Cobbold, 1874) ; not Le Roux, 
1924. 
Species: 7. coronatum (Looss, 1900). 
T. labiatum var. digitata (Ihle, 1921). 
T. labratum (Looss, 1900). 
T. sagittatum (Kotlan, 1920). 


Sub-genus Cylicostephanus lfhle, 1922. 


h 
Species: 7. calicatum (Looss, 1900). S 
T. longibursatum (Yorke and Macfie, 1918). ; 
T. minutum (Yorke and Macfie, 1918). 
T. poculatum (Looss, 1900). f 
h 
Sub-genus Cylicocercus lhle, 1922. t] 
: Species: 7. catinatum (Looss, 1900). S 
a T. catinatum var. pseudocatinata (Yorke and 
Macfie, 1919). 
T. goldt (Boulenger, 1917). 
T. pateratum (Yorke and Macfie, 1919). 
Sub-genus Cylicocyclus Ihle, 1922. 
Species : 7. vadiatum (Looss, 1900). 
T. adersi (Boulenger, 1920). 
T. elongatum var. kotlam (thle, 1920). E 
T. insigne (Boulenger, 1920). d 
T. leptostomum (Kotlan, 1920). fc 
T. nassatum (Looss, 1900). ft. 
T. triramosum (Yorke and Macfie, 1920). “ 
Sub-genus Cylicodontophorus lfhle, 1922. tl 
Species: T. bicoronatum (Looss, 1900). 
T. euproctum (Boulenger, 1917). h 
d 
Sub-genus Cylicotetrapedon Ihle, 1925. 
Species: 7. prionodes (Kotlan, 1921). (1 


T. brevicapsulatum (Ihle, 1920). S 
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ON A NEW SPECIES OF THE 

NEMATODE GENUS SPIROXYS WITH 

A KEY TO THE SPECIES AND THEIR 
HOST-DISTRIBUTION 


BY 


J. N. KARVE, B.Sc. 


(Zoology Department, Hislop College, Nagpur, C.P., India) 
(Received for publication 1 June, 1928) 


The genus Sfivoxys was erected by Schneider (1866) to include 
Rudolphi’s Spivoptera contorta. It is the only European species of 
Spiroxys so far known. 

In the year 1918, Seurat recorded Spiroxys contortus (Rud., 1819) 
from the African tortoise, Clemmys leprosa. Baylis and Lane (1920) 
have attempted to state the difference between Seurat’s species and 
the type species. They think that Seurat’s S. contortus differs from 
S. contorta in the following respects :— 

(i) Presence of an internal tooth on each lobe of each lip. 


(ii) The presence of a pair of large papillae on the middle lobe 
of each lip, instead of one small papilla. 


(iii) The presence of an adanal, lateral pair of genital papillae in 
the male. 
(iv) The presence of an accessory piece in the male. 

In the year 1920 another species, S. gangetica, was described by 
Baylis and Lane, from an Indian tortoise. These authors not only 
described the new species, S. gangetica, but revised thoroughly the 
family GNATHOSTOMIDAE Railliet, 1895, and created two new sub- 
families, Gnathostominae and Spiroxyinae, the latter containing the 
only genus, Spivoxys. Later, Baylis and Daubney (1922) reported 
the occurrence of a third species, S. annulata, from India. Yorke and 
Maplestone (1926), in the list of the species of the genus Sfiroxys, 
have added S. constricta (Leidy, 1856) with a query. As Leidy’s 
descriptions are too short, nothing can be definitely said about this 
species, as well as his Physaloptera contorta, which Baylis and Lane 
(1920) consider to be a synonym of S. contorta. Yet another species, 


S. japonica, was very recently described by Morishita (1926), from 
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Japan. This species differs from all those previously described in 
its habitat, being always found in the duodenum of frogs. In the 
present paper has been described what the writer considers to be a 
new species belonging to this genus. 


SPIROXYS TORQUATA n.sp. 


The worms were obtained from the stomach of the host where they 
were found with almost their middle part buried in the stomach 
wall, and the anterior and posterior ends free. The affected part is 
rather hard, blackish in appearance, swollen, and can easily be 
marked out from outside without opening the stomach. 


‘ 


0-2 mm. 0:2 


Fic. 1. Anterior end of female, lateral Fic. 2. Anterior end of female, dorsal 
view. ¢.—collar ; /.p.—lateral papilla; s.p.— view. s.p.—submedian papilla. 


sub-median papilla. 


Fic. 3. Anterior end showing the lips under higher magnification, dorsal view. _p.t.—papilla-like 
tooth at the apex of the middle lobe ; s.p.—submedian papilla. 


Body white, stout, considerably tapering towards the anterior 
extremity and having a tendency to form annulations in the posterior 
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part of the body. In both the sexes the maximum breadth lies in the 
posterior half. The lips are constricted off from the body by a well- 
developed neck. The male is more slender than the female and its 
posterior end is curved ventrally, in the form of the letter J. 

The total length is 19 mm. to 36 mm. in the male, and 27 mm. to 
39 mm. in the female. The maximum thickness is 0-2775 mm. to 
0-66 mm. in the male, and 0-6 mm. to 0-9g075 mm. in the female. 
The diameter of the lips, measured dorso-ventrally, is 0-112 mm. to 
0-15 mm. in the male, and 0-1725 mm. to 0-2025 mm. in the female. 
Their length is 0-075 mm. to 0-09 mm. in the male and 0-0975 mm. in 
the female. The two lateral lobes of a lip are placed almost at right- 
angles to the middle lobe. The inner surfaces of the dorsal and 
ventral lobes are covered with thick cuticle and they meet their 
fellows from the other lip in the median line. The lobes are rounded 
in outline. The inner surface of the median lobe is almost convex 
and forms a rounded protuberance, resembling a papilla, at the apex. 
The transverse striations are coarse (0:0176 mm. apart), but they 
are not so coarse as in S. annulata, A cuticular collar is present just 
behind the base of the lips. 

The tail measures 0-21 mm. to 0-3 mm. in the male and 0-52 mm. to 
0-54 mm. in the female. The length of the club-shaped oesophagus, 
measured from the anterior extremity, is 2-75 mm. in the male and 
3°45 mm. in the female. The cervical papillae are situated in notches 
and are at a distance of I-62 mm. in the male, and 2-085 mm. to 
2:137 mm. in the female, from the anterior end. The nerve-ring is at 
0-6 mm. to 0-8 mm. in the male, and 0-8 mm. to 0-95 mm. in the 
female, from the sameend. The distance from the anterior extremity 
to the excretory pore is I-0725 mm. in the male and 1-215 mm. to 
1°35 mm. in the female. 


Fic. 4. Cervical papilla, lateral view. 


The caudal alae are very well developed. As usual they are 
anteriorly joined by cushion-like cuticular pads, passing over the 
ventral surface. The caudal muscles are not very powerfully 
developed ; consequently, there is no sucker-like preanal depression 
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as in the case of S. annulata. Eleven pairs of caudal papillae, the 
usual number to be found in the genus, are present and arranged as 
in other species of this genus. The only point worth noting as 
regards the caudal papillae is that the two ventral sessile pairs-—one 


Spec 


C.p. 
Fic. 5. Posterior end of male, Fic. 6. Posterior end of male under higher 
ventral view. c.p.—caudal papillae ; magnification, ventral view. 1-9.—caudal papillae; 
spic.—spicules. a—anal opening. 


preanal and the other postanal—are somewhat large. The spicules 


are nearly equal, long, slender, and end in a fine point. They are 
transversely striated and measure 2:25 mm. 
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The tail of the female is conical. The caudal papillae are very 
prominent and are situated at a distance of 0-225 mm. to 0-337 mm. 
from the posterior end. The vulva is situated in the posterior half of 
the body. Ina female measuring 33 mm. it opens at a distance of 
6:70 mm. from the posterior end. The muscular vagina runs in close 
touch with the body-wall towards the anterior extremity. It then 
turns a little dorsal and bifurcates at a point situated at a distance of 
o-g mm. from the vulva. The uterine branches are divergent and 
filled with eggs which are of various shapes. The eggs measure 
0:09 mm. by 0-067 mm. 


Fic. 7. Eggs. 


Affinities.—This species resembles closely S. japonica, but 
differs from it in certain respects, the salient point of difference 
being the presence of a cuticular collar. 

Specific didgnosis.—Worms very stout; cuticular striations 
coarse. A cuticular collar present just below the base of the lips. 
Middle lobe of the lip has a small protuberant rounded tooth at the 
apex. The ventral sessile pairs of caudal papillae somewhat large. 
Vagina runs close to the body-wall anteriorly. 

Host : Emyda granosa intermedius. 

Habitat : Stomach. 

Locality : Nagpur, C.P., India. 
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Hosts and Distribution of the Species of Spiroxys. 


a 
Species | Host Locality 


S. contorta ..» Emys (Testudo) orbicularis Europe 


| Emys serrata ..» North America 
Emys reticulata North America 
Ctstudo carolina ... North America 

| 


Kinosternum pennsylvanicum .... North America 


S. gangetica . Trionyx gangeticus India 
S. annulata . Chitra indica... Inda 
S. torquata . Emyda granosa .. India 
S. japonica . Rana nigromaculata sas wee Japan 

Rana japonica... Japan 


Rana rugosa Japan 


A KEY TO THE SPECIES OF THE GENUS SPIROXYS 


2. Every lobe of each lip carries two teeth on either edge ............ S. gangetica 
Cuticular collar absent 5 
4. Inner surface of the median lobe forms a papillae-like tooth ...... S. torquata 
Inner surface of the middle lobe does not show this character...... S. annulata 
5. "Twoepinous projections behind S. japonica 
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ACCIDENTAL INFECTION WITH 
TREPONEMA DUTTONI 


BY 
J. D. ALLAN GRAY, M.B., B.Sc., M.R.C.P.E. 


(From the Bacteriology Department, Edinburgh University) 
(Received for publication 17 July, 1928) 


While engaged in a study of experimental infection by Treponema 
duttont in laboratory animals, the writer himself contracted the 
disease. The data regarding this laboratory accident are of con- 
siderable interest and seem worthy of being recorded. Further, 
the case has presented features of special significance bearing on the 
infectivity and pathogenesis of the organism, its paucity in the 
blood even during the febrile attacks, its persistence in convalescence, 
its resistance to therapy with organic arsenicals and the absence of 
demonstrable antibodies in the blood. 

The strain of Tveponema duttont was one which had been main- 
tained for a considerable period in laboratory animals at the London 
School of Hygiene and Tropical Medicine. Laboratory observations 
with this organism were begun by the writer early in October, 1927. 


RECORD OF THE CASE HISTORY 


The first attack commenced abruptly on the r4th October (see 
temperature chart). The illness was preceded by a slight rigor, 
frontal headache and pains in the back and extremities. At 2 p.m. 
the temperature was 101° F. and soon after a severe rigor occurred, 
which lasted for nearly three hours. The frontal headache became 
extremely severe, the eyes very painful and intense photophobia was 
experienced. The symptoms were followed by slight delirium and 
profuse sweating, the temperature being 102:8°F. In ‘thin’ 
blood films taken shortly after the sweating commenced, no spiro- 
chaetes could be demonstrated even after prolonged search. The 
temperature for the next fourteen hours undulated between 103-2° F. 
and subnormal. A feature of the attack was the comparatively slow 
pulse rate in relation to the temperature, the highest rate recorded 
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being only 65 per minute. Neither the spleen nor the liver were 
recognisably enlarged. There was no rash, jaundice or herpes and 
while no severe epistaxis was experienced, the mucoid nasal discharge 
was occasionally tinged with blood. This attack was followed by an 
apparently satisfactory convalescence. 

The temperature remained below normal level until 22nd October, 
1927, the day of the second attack, when about 10-30 p.m., while 
working in the laboratory, the writer had a slight rigor, the 
temperature being 102-0° F. After a rather restless night during 
which severe headache was experienced, there was again restoration 
to normal. 

The third attack, like the second, was extremely short, being 
evidenced only by a slight rigor and a considerable headache in the 
evening. It occurred on 5th November. 

The fourth attack was similar to the two immediately preceding 
it except for the addition of severe muco-haemorrhagic diarrhoea 
for a period of fifteen hours. It took place on 21st November. 

During the second, third and fourth attacks the writer was never 
incapacitated from work. 

On 16th December the writer was accidentally bitten by an 
infected mouse on the right middle finger, which may have been 
contaminated with infected blood at the time of the bite. 

The fifth attack was inaugurated three days later by 
shivering along with very severe frontal headache and pains 
in the limbs. The temperature was 101-8°}*. and during the 
following day there were alternate rigors and sweating. Peculiar 
sensory phenomena were noted at various times, such as transient 
tingling in the distribution of the ulnar nerve and the sensation 
common in tabes, of walking on cotton-wool whenever the foot was 
put to the ground. During this attack there was no paralysis. A 
diffuse and exceedingly painful ophthalmia was experienced, the 
sclerotics being intensely congested. There was photophobia to a 
marked degree. On the afternoon of the second day the temperature 
rose to 104:8° F. Ten c.c. of blood removed from a vein yielded no 
bacterial growth in phosphate-bouillon. Mice inoculated each with 
one c.c. showed Treponema duttoni in the peripheral blood sixty hours 
later, but even prolonged search of blood films stained by Leishman’s 
stain failed to demonstrate the organism. As before there was no 
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epistaxis, jaundice, rash, herpes or recognisable enlargement of the 
spleen or liver. 

The temperature remained elevated for three days. During 
the night asthmatic attacks were occasionally experienced, each 
usually lasting between ten and twenty minutes. On the evening 
of the third day the temperature rose to 106° F., associated with 
delirium. Cold sponging was employed and when the temperature 
had fallen to 103° F., 0-6 gram of novarsenobillon was given intra- 
venously. There was no untoward effect and in four hours the 
temperature had fallen to subnormal, where it remained until 
3rd January, the day of the onset of the sixth attack. Although 
there was great prostration after the crisis, recovery was exceedingly 
rapid. 

The sixth attack was similar to the fifth. It started abruptly 
and in two hours the temperature had risen to 103° I. Two hours 
later 0-6 gram of novarsenobillon was given intravenously. The 
temperature fell to 101-2° F., only to rise again and remain elevated 
for the following thirty hours, when a pseudo-crisis occurred. It rose 
again to 100-8° F. before the true crisis took place. No enlargement 
of either liver or spleen could be made out. About four hours after 
the administration of the novarsenobillon, profuse black bilious 
vomiting occurred and was repeated twice on the last day of the 
attack. The rate of the pulse, however, was greater than in any 
of the previous attacks, varying between 64 and 102 per minute, 
and extra systoles were common. The exhaustion after this attack 
was particularly marked. The temperature remained subnormal 
until 14th January, when the seventh attack of pyrexia commenced. 
In this attack the usual dose of novarsenobillon was given an hour 
and a half after the attack began. The temperature fell from 102° F. 
to 100-1° F., only to rise again and remain elevated for the following 
thirty hours. On the day following the administration of the drug 
vomiting occurred on four occasions, the vomit being black and 
bilious. As in the sixth attack there was a pseudo-crisis. A dis- 
turbing feature was a fleeting partial paralysis of some of the muscles 
of the lower limbs, especially the extensor muscles of the thigh— 
otherwise the clinical features of this attack were similar to those of 
the one immediately preceding it. 

The eighth and final attack was preceded by two abortive attacks 
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on 29th and 30th January, 1928, when sudden rises of temperature 
to 98-8° F. and gg-0° F. respectively were noted. On each of these 
occasions severe headache and short rigors were experienced and on 
the second, vomiting occurred five times. 

Two days later, i.e., on 2nd February, the temperature again 
began to rise, accompanied by the usual rigor, thirst, frontal headache 
and pains in the limbs. The following morning when the temperature 
was I0I-4° I-., 0-6 gram of novarsenobillon was given intravenously. 
As before, the temperature fell but rose again, however, falling 
finally by crisis on 4th February from 104° F. There was no enlarge- 
ment of the liver or spleen. Toxic symptoms during this attack 
were very pronounced, being evidenced by delirium and repeated 
bilious vomiting. The urine was greatly decreased in amount, 
four ounces only being passed in the last twenty-four hours of the 
fever and on one occasion there was haematuria. 

Since the crisis the temperature has remained subnormal up 
to the time of writing, although on several occasions rigors lasting 
up to half an hour in duration have been experienced. Considering 
the severity of the toxaemia, convalescence has been remarkably 
rapid. A mouse inoculated on 7th March with blood withdrawn 
from a vein showed the spirochaetes in its circulating blood sixteen 
days later but subsequent similar inoculations have been negative 
in result. No protective properties have been demonstrable in the 
serum: thus the administration of 0-75 c.c. thrice, at intervals of 
three to five days before inoculation with infected material, fails 
to protect mice from infection. The serum also fails to produce any 
noticeable effect (e.g., agglutination or lysis) 7” «tro, on Treponemata 
in mouse blood taken during successive attacks of the infection. 


DISCUSSION OF THE CASE 


THE INCUBATION PERIOD AND THE QUESTION OF A SECOND SUPER- 
IMPOSED INFECTION 


The incubation period of the first attack cannot be estimated 
owing to the uncertainty of the date and mode of infection. During 
the taking of numerous samples of blood for examination by dark- 
ground illumination, from the ear of an infected monkey and from 
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infected rats and mice by the usual method of cutting the tail, it is 
possible that the writer’s fingers became contaminated with infected 
material and that the spirochaete passed through the unbroken skin 
of the finger. It has been demonstrated that infection can occur in 
this manner (Manteufel, 1925 ; Tomioka, 1924 ; Manson-Bahr, 1925 ; 
Neufeld, 1926-27; Bruynoghe and Dubois, 1927). Moreover, 
the writer has been able to show experimentally that the strain 
with which he was infected can penetrate the unbroken skin of 
mice. Migration of relapsing fever spirochaetes through the skin 
of susceptible rats has been noted by Steiner, Henning and Steinfeld 
(1926). It may be remarked, however, that Werner (1924) failed to 
produce infection in either the human subject or mouse by the 
application of infective material to the uninjured skin. 

During the interval of twenty-seven days between the fourth 
and fifth attacks, the writer continued experimental work with 
infected animals and (as noted above) three days before the onset 
of the fifth attack, was bitten on the right middle finger by an 
infected mouse. While the possibility of the finger having been 
contaminated previous to the bite, cannot be excluded, it may be that, 
as with rat-bite fever, the bite alone may convey the infection, 
possibly by blood from the animal’s gums (see McDermott, 1928). 
Under such circumstances the bite would be equivalent to a cutaneous 
or subcutaneous inoculation and it seems probable that the fifth and 
subsequent attacks represent the result of either a re-infection 
or at least a superimposed infection. Steiner and Steinfeld (1926) 
showed in rats and mice that during the course of a mild primary 
infection, it is possible to produce a superimposed and more intense 
infection by the inoculation of blood rich in spirochaetes. Kudicke, 
Feldt and Collier (1924), too, found it possible to produce a super- 
imposed infection during an interval in spite of the fact that the 
first infection was still in existence. e-infection after recovery, 
however, appears to be more difficult to produce, although Margolis 
(1919) believes in its occurrence in one case. 

The writer has been unable to re-infect mice or rats which have 
recently recovered from several attacks. Werner (1924) found 
the shortest interval after a previous attack before re-infection could 
occur to be one year and Weichbrodt (1921) found re-infection 
impossible even after the expiry of eighteen months. 
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The greater severity of the fifth attack, as evidenced by the 
temperature and clinical manifestations compared with the previous 
attacks, might support the idea of a superimposed infection, although 
according to Manson-Bahr the fever in cases of African Tick Fever— 
in contradistinction to ordinary relapsing fever—is usually as severe 
in the relapses as in the initial paroxysm. 

The number of attacks does not serve to indicate whether they 
were the result of one or two infections since in the natural disease 
they may vary from two or three attacks to twelve (Manson-Bahr, 
1925). If, however, the surmise that there was a superimposed 
infection be correct, the incubation period of the second infection 
would be three days—from 16th to 19th December, 1927—a period 
identical with that of an accidental infection at autopsy recorded by 
J. K. Manson and Thornton (r1g1g). In the fatal case of Dutton 
(see Dutton and Todd, 1919) the incubation period was probably 
seven days, although he and J. L. Todd, who was also infected, were 
unable personally to verify the dates of either the inoculation or the 
commencement of the fever. The incubation period was eight days 
in each of two cases of Europeans accidentally infected with 
monkey’s blood by way of the conjunctiva (Sergent and Foley, 1921). 

The treatment of general paralysis with Treponema duttont 
has afforded opportunities for the exact determination of the incuba- 
tion period. In the artificially inoculated, the symptoms usually 
make their appearance in from two to six days (Manson-Bahr, 1925, 
Silverston, 1924). Werner (1924), using Tveponema duttom, found 
the incubation period to vary with the avenue of infection, the 
source of infection and the time of withdrawal of the blood from the 
source. Subcutaneous and intravenous injection of mouse blood 
drawn at the height of the infection produced the disease in seven 
and five days respectively. Human blood withdrawn during an 
afebrile period produced the symptoms in ten days, while that 
obtained at the development of an attack, when injected sub- 
cutaneously and intravenously, took nine and ten days respectively. 
In mice infected from the human subject, the incubation period was 
found by the same worker to be most prolonged when the blood 
was taken on the first or second day of the attack. 
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CLINICAL FEATURES 


The clinical features of African Tick Fever resemble those of 
ordinary relapsing fever, but typically the attacks are of shorter 
duration and of greater number. In the case recorded none of the 
eight attacks lasted longer than three and a half days. Widely 
varying clinical manifestations are met with, depending upon the 
strain and source of infecting spirochaetes, the mode of infection, 
the treatment and, especially in endemic areas, upon any immunity 
which the individual may have acquired by heredity or by previous 
infection. Grothusen (1920) emphasises the greater severity of 
East African relapsing fever in Europeans as compared with the 
natives, and he believes this to be dependent on a relative immunity 
among the inhabitants of endemic areas. 

The abrupt onset of each attack following vague prodromal 
symptoms, the thirst, the bilious vomiting and the crisis accompanied 
by profuse sweating were all apparently typical of the illness. Cases 
usually show some nervous symptoms, such as intense frontal head- 
ache and delirium. In some cases, indeed, these nervous symptoms, 
according to Cawadias (1921), are so pronounced as to simulate a 
meningo-encephalitic syndrome. Jaundice, herpes labialis and 
various rashes have been described (Sergent and Foley, 1921 ; 
Oettinger and Halbreich, 1g22 ; J. K. Manson and Thornton, 1g19). 
Occasionally the epistaxis may be very severe (Cawadias, 1921 ; 
Kerrest, Gambier and Bouron, 1922). Haematuria has also been 
noted by Cawadias. 

The absence of recognisable enlargement of the spleen is note- 
worthy, for, according to Manson-Bahr, 1925, the organ is invariably 
enlarged and tender. Dutton and Todd (1905), however, state that 
it is only sometimes enlarged and Manson and Thornton stated 
that it showed marked tenderness and enlargement only when 
malaria was also present. 

The absence of liver enlargement is not unusual. The slowness 
of the pulse in relation to the temperature in the first attack is in 
keeping with the observations of Carlisle (1906). The latter was 
accidentally infected with a spirochaete which he and his colleagues 
designated Spivochaeta obermetert, but which, according to 
Cunningham (1925), was more probably the organism of Tick Fever. 
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The diminution in the amount of urine, the haematuria and the 
asthmatic attacks suggest a toxaemia of a uraemic nature. Dutton 
died after four days of coma, and, according to Osler and McCrae, in 
status epilepticus, which the writer tentatively suggests may have 
been uraemia. 

J. K. Manson and Thornton (1919) found that about 25 per cent. 
of their cases of Kast African relapsing fever showed, immediately 
preceding the crisis, ‘a slight kick of temperature which rose $° 
or one degree above the highest temperature previously registered 
during the paroxysm. This was observed to occur only in the 
first attack and first relapse.’ This phenomenon being well illustrated 
in the fifth attack adds weight to the supposition that these had been 
a re-infection. A feature of some cases is the disproportion between 
the severity of the symptoms and the height of the temperature 
(Selwyn, Clarke, Le Fanu and Ingram, 1923). 

Abortive attacks comparable to the slight rises of temperature 
preceding the last attack have been noted by Mayer (1922) between 
the relapses and during the convalescence of normally-infected cases. 
During such abortive attacks the organisms may or may not be 
present in the peripheral blood for a short time. 

In Tick Fever, especially of the West African variety, the apyretic 
intervals are of very irregular duration, varying according to P. H. Ross, 
between one and twenty-one days. Manson-Bahr (1925) records an 
interval of forty-two days. In this case the shortest interval, that 
between the sixth and seventh attacks, lasted seven days. The 
great length of the interval between the fourth and fifth pyrexial 
periods, namely twenty-seven days, may be due to the fourth attack 
being the final manifestation of the original infection and to the fifth 
and subsequent attacks being the result of a second infection. In 
such circumstances, this ‘ interval’ would not represent an interval 
in the accepted sense of the term and the longest interval would 
then be one of fifteen days (between the third and fourth attacks). 


OCCURRENCE OF THE SPIROCHAETES IN THE PERIPHERAL BLoop 
AND THEIR PERSISTENCE IN CONVALESCENCE 
It is usually held, as originally stated by Obermeier in 1873, that 


they only occur there during the febrile stages. On the other hand, 
Weichbrodt, in testing the effect of relapsing fever in various 


1% 
pe 


282 


psychoses, found, by inoculating mice that the organisms were 
constantly present in the blood of human cases unless the intervals 
were unduly prolonged. Similar results have been obtained by Novy 
and Knapp (1906), Breinl and Kinghorn (1906), and Moselli (1923). 
Darling’s work (1922) with a Panama strain supports these results, 
for he found that the blood of animals between the paroxysms and 
also shortly after recovery (when organisms are apparently absent) 
is infective-—-a fact which indicates that inoculation of susceptible 
animals is a valuable means of diagnosis during the afebrile periods. 
Numerous shades of opinion between these two extremes have been 
expressed (Choksy, 1909 ;_ von Limbeck, 1go01r ; Heydenreich, 1877 ; 
Manson, 1914; Birch-Hirschfeld, Mayer, 1922). 

There seems, however, to be fairly general agreement with 
P. H. Ross and Milne’s observations in 1904 as to the paucity of the 
organisms in the circulating blood in cases of the African tick fever 
as compared with the other types of relapsing fever. This was well 
illustrated in the writer’s case and also in Dutton’s fatal illness. 

Moczutkowsky found that the number of organisms in the blood 
increased with each attack. This observation, if well founded, and 
the paucity of the organisms in the blood during the fifth attack, 
suggest that the attack was an early one and therefore the result 
of a superimposed infection. Von Limbeck’s statement that the 
organisms are not uniformly distributed throughout the blood 
detracts, however, from the value of Moczutkowsky’s results and is 
in keeping with Weichbrodt’s demonstration that their number is 
not proportional to the severity of the disease nor to the height of the 
temperature—a phenomenon which has been attributed to the belief 
that they are short-lived and are rapidly regenerated (Albrecht, 1894). 

The persistence of the spirochaete in the peripheral hlood till at 
least the 7th March, i.e., thirty-two days after the last attack, is note- 
worthy in view of the possibility of convalescent cases acting as 
reservoirs of infection in endemic areas. Mayer (1922), in three 
cases, found spirochaetes nineteen days and, in one case, twenty-two 
days after the last attack. Weichbrodt, by the inoculation of mice 
with the blood of a case of ‘artificial’ relapsing fever, demonstrated 
the presence of the organisms forty-two days after all the symptoms 
had disappeared and Werner by the same method states that the 
blood is usually infective to mice ten to fourteen days after the last 
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attack. Ehrlich gave thirty days as the average time the blood 
remained infective to animals and Kroo (1926) noted the occurrence 
of a relapse (with the appearance of spirochaetes in the blood) after 
fifty days. A similar persistence of the organism may occur in 
animals, for the writer found them in the peripheral blood of a mouse 
103 days after inoculation and eighty-eight days after the last known 
relapse. Moreover, inoculation into further animals showed that 
the virulence had not been lost. Todd (1920), too, showed by heart 
puncture under chloroform anaesthesia, that the spirochaetes 
were present in an apparently immune rat thirty-two days after the 
parasites were last seen in the daily examination of blood films. 
Of course, it is only occasionally that such latent infections can be 
demonstrated in apparently immune animals. 


TREATMENT WITH ORGANIC ARSENICALS 


The apparent inefficacy of the intravenous injection of novarsenobillon 
is of interest. Of the numerous drugs recommended, salvarsan and 
the allied preparations are usually held to be specitic but, admittedly, 
they are less effective in African tick fever than in the other types 
of relapsing fever. The time when the drug should be administered 
is of importance: (1) for the avoidance of immediate untoward 
results ; (2) for the immediate arrest of the fever and the prevention 
of relapses. 

(1) It is stated that the drug should never be administered when 
the natural crisis may be expected for fear of undesirable symptoms 
or even a fatal toxaemia due to massive destruction of the 
spirochaetes. In the writer’s case the first occasion on which 
novarsenobillon was injected was immediately after the natural 
crisis of the fifth attack, and the absence of increased toxic symptoms 
was probably due to the inefficacy of the drug for the particular 
strain of infecting organism. 

(2) Most authorities agree that the best results are obtained 
(as shown by arrest of the fever and the prevention of relapses) if the 
drug be administered when the temperature is rising. The observa- 
tions of Grothusen (1920) in East Africa, that the drug had to be 
given during the first attack to produce any effect, is of interest, 
since in the case recorded here it was not administered until the 


fifth period of pyrexia. 
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Relapses are said to be rare unless the drug has been given 
when the temperature is falling or during an interval when, 
especially in the African form, relapses are apt to occur. Never- 
theless there are on record numerous instances in which the drug has 
proved inefficacious. For instance, Shah (1924) asserts that novar- 
senobillon has no effect on the course of tick fever in Kenya Colony, 
and IT. B. Welch (1924) states that while galyl completely cured a 
number of his cases there may be certain strains resistant to novar- 
senobillon 

Similarly, Van den Branden and Van Hoof (1922) found that some 
cases in the Congo ran a typical course after the exhibition of 
0-6 grams of kharsivan. Loewy (1919) encountered cases in Belgrade 
refractory to salvarsan—as shown by definite relapses—even after the 
exhibition of o-g gram of the drug and he mentions that Koch, 
Lippmann and Sachs have made similar observations. Raju (1924) 
encountered occasional relapses after a long afebrile period following 
the intravenous injection of 0-45 gram of novarsenobillon. These, 
of course, may have been re-infections. To make certain of a cure 
he recommended a second injection five days after the temperature 
had fallen. Olivier (1924), too, using ‘ 914’ in the Belgian Congo, 
obtained practically negative results in some cases. 

Some of these failures may have been due to administering the 
drug at an inopportune time. In the writer’s case, it was not 
given until the fifth attack, nor until just after the crisis when the 
temperature was falling, and it failed not only to cut short the 
fever, but also to avert relapses. 

H. V. Welch (1924), while acknowledging that ‘ g14’ should be 
given when the temperature is rising, states that it may be of value 
in the intervals for the treatment of symptoms such as iritis. 

In connection with this case, the work of Collier (1925), Plaut 
(1925), Kritschewsky and Lyjass (1925), is of particular interest. The 
first mentioned used for the treatment of general paralysis an African 
strain of relapsing fever spirochaete which had been kept in mice for 
twelve years. While virulent for man, the strain was found to be 
resistant to salvarsan, even after cultivation. After continued 
passage vhrough mice, however, the virulence for man was lost but the 
resistance to salvarsan remained. Plaut, too, found that a 
strain of Treponema duttom which had been kept in mice for twelve 
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years had lost its virulence for man but did not alter its arsenic- 
resistance. Kritschewsky and Ljass, in the treatment of infections 
with Treponema duttoni in mice and in those infected from mice found 
that hypertoxic doses of salvarsan were required. Nevertheless, 
the case of a European accidentally infected with a Gold Coast strain 
in the blood of an infected rat, is reported, in which prompt cure 
was obtained with novarsenobillon. A second attack thought not 
to be a relapse—for it occurred two months later—was also cured 
(Selwyn Clarke, Le Fanu and Ingram, 1923). 


SEROLOGICAL AND IMMUNOLOGICAL OBSERVATIONS 


The literature dealing with the serological aspects of infections 
with spironemata contains a very large number of apparent contradic- 
tions. Gabritchewsky and Bardach demonstrated in the serum of 
patients the presence of antibodies which, presumably, decreased in 
potency, thus rendering possible the occurrence of a relapse (Novy 
and Knapp, 1906; Sergent, Foley, Gillot and Bequet, 1914; 
Marzinowsky, 1922). The statement that sometimes clumps may be 
present in the blood for two or three days before the organisms 
disappear from the peripheral blood, has been verified by the writer, 
and Aristowsky and H6ltzer (1924) hold that clumping cannot be 
regarded as evidence of antibody formation for it is seen periodically 
in cultures. 

Cunningham (1925), by means of agglutination experiments with the 
blood of infected squirrels found that the spirochaete of Madras relaps- 
ing fever underwent, with each successive attack, alternate serological 
mutation without morphological change. When sub-passages from 
an attack or relapse were made, the organisms which appeared in the 
attack of the second animal were serologically identical with those 
in the inoculum, but once a relapse supervened, the type again 
changed. In view of these results the writer’s serum was tested with 
the spirochaetes in the blood of a mouse during two successive attacks 
and, in both instances, no agglutination was noted even after incuba- 
tion for twenty-four hours. Owing to the paucity of the spirochaetes 
in the peripheral blood of mice during the relapses, as compared with 
the primary attacks, it was decided to experiment with the organisms 
of the first attack. The animal was then allowed to experience a second 
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attack, during which some of its blood was inoculated into a second 
mouse. Provided that Cunningham’s results with squirrels infected 
with the Madras strain were equally applicable to mice inoculated 
with Tveponema duttoni, the spirochaetes of the first attack of the 
second mouse would be serologically identical with those of the 
second attack of the first and were, therefore, used for experiments 
with the writer’s serum. These experiments were performed with 
the spirochaetes of three successive attacks and in no case was 
there noted any effect different from the controls. Thus the lack of 
agglutinating power of the writer’s serum was not due to its being 
tested against only one possible serological type of the spirochaete 
but was more likely due to the fact that any antibodies which were 
present after the crises had disappeared before the time of withdrawal 
of the blood ; thus Lowenthal found that the agglutinating power 
of blood withdrawn from an infected man or animal is greatest at the 
crisis of the attack and after the injection of spirochaeticidal drugs. 
In spite of this, mouse blood withdrawn immediately after a crisis 
also failed to produce any noticeable effect on the spirochaetes of 
various successive attacks in another mouse and also failed to 
protect mice from infection. It is of interest that Kudicke, Feldt 
and Collier (1924) found that various strains lost their antigenic 
differences by passage in mice. 

In contradistinction to the writer’s findings, Weichbrodt (1920) 
found that the serum of a recovered patient, mixed with infected 
mouse blood containing the same strain as that with which the 
patient was infected (after standing an hour) produced no infection 
in a man not previously infected with the strain, and also that the 
serum of a recovered case may hinder or entirely prevent an infection 
in mice. Hoffmann, too, found that the serum of patients who had 
passed through an attack two to ten weeks previously, was as good 
for the treatment of the disease as salvarsan, and did not interfere 
with the production cf an active immunity, but the injection of 
1-20 c.c. of defibrinated blood of recovered patients did not protect 
for more than a week. 
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SUMMARY 


A case of relapsing fever of the African type due to accidental 
laboratory infection by Treponema duttoni is recorded. 

It is suggested from the data presented that infection occurred 
on two separate occasions, so that a second infection was super- 
imposed on the first. The first infection was probably derived from 
the blood of an infected mouse with which the fingers became con- 
taminated in the course of drawing blood samples. The second 
infection probably originated from an inoculation brought about by 
the bite of an infected mouse; the question of the source of the 
inoculum is discussed. 

Fight periods of pyrexia in all were experienced, with two slight 
abortive attacks immediately preceding the last attack. Of these 
attacks, the shortest lasted only a few hours and the longest 
three and a half days. The clinical condition is recorded and 
discussed. A satisfactory convalescence followed the illness. 

The afebrile intervals were of very irregular duration, the shortest 
lasting seven days and the longest twenty-seven days. 

Diagnosis. The paucity of the organisms in the circulating 
blood, even during the height of the fever, was such that they were 
not detectable in films. Inoculation of mice with blood withdrawn 
from a vein revealed the infection during the fifth attack and also 
thirty-two days after the last rise of temperature. 

Treatment with novarsenobillon was unsatisfactory. Intravenous 
injections of 0-6 gram neither cut short the temperature nor prevented 
the occurrence of relapses. 

Serology. The serum withdrawn at various intervals after 
recovery failed both to protect mice from infection and to agglutinate 
or lyse, in vitro, the spirochaetes of successive attacks in mice. 


The writer desires to express his grateful thanks to Professor T. J. 
Mackie, for his help and guidance in the experimental work recorded 
in this paper. | 

Part of the expenses in connection with the experimental work 
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INTRODUCTORY REMARKS 


It is a remarkable fact that the life-histories of three such 
important worms as the equine species of Strongylus should not be 
known, and this is the more remarkable when their economic 
importance is considered. The majority of equine strongyles are 
ubiquitous in their distribution, and it is the exception to find 
an equine which is not infected by one or more of these worms. The 
frequency of multiple infection in equine hosts must be responsible 
to a great extent for the indefinite state of the knowledge of the 


parasitic life histories of these worms. 
291 


pa 
ae 


292 


Definite statements relating to the morphology, to the site in the 
host, and to the pathogenic effects, of the parasitic larval stages of 
Strongylus equinus are rare in literature. 

That neither the larval stages nor the immature adult forms 
of this worm are responsible for aneurysms is indicated by Looss 
(1902), who states that ‘ The worms found in the aneurysm of the 
above-named arteries proved, on close examination, to belong all 
and every one of them to the species vulgare.’ Looss’s statement 
has since been generally confirmed. Gedoelst (1911) makes the 
following statement about Strongylus equinus. ‘ Parasite des équidés, 
a l'état adulte, dans le caecum, rarement le gros colon; a l'état 
larvaire, dans le pancreas, le foie, les poumons.’ Levenue (1915) 
states that the larvae of S. equinus are encountered principally in the 
parenchymatous organs, such as the liver, lungs and pancreas. Yorke 
and Macfie (1919) failed to identify the larvae of S. equinus in post- 
mortem examinations of fourteen American remounts which had been 
sent over to this country. Hutyra and Marak (1926) state, ‘ Nothing 
definite is known about the further evolutions of the larvae of 
Sclerostomum equinum. It must, therefore, remain doubtful whether 
their evolution to sexual maturity takes place directly in the lumen of 
the intestines of the new host or whether the larvae, like those 
of Cylicostomum, probably also migrate into the body of the horse 
at least to some extent.’ Pillers (1927) states that “Some of the 
larvae of S. equinus, which is the less frequent form, are found in the 
liver and others occur in submucous ‘ cysts’ of the double colon.’ 

It will thus be seen from a perusal of these statements that what 
is known about the parasitic larval stages of S. equinus is very 
indefinite. 

The following notes record the observations made in a donkey fed 
with large numbers of the infective stage of the larvae of Strongylus 
equinas. 


HISTORY OF DONKEY 904 PRIOR TO ITS BEING DESTROYED 


The donkey, one of two which were purchased in Ireland, arrived 
in the School in September, 1927, in good condition. The animals 
were kept on the School premises and throughout the experiment, 
unless otherwise stated, were fed on crushed oats and chop with hay, 
ad. lib., in the evening. The second donkey acted as a control to 
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No. 904. The faeces were examined on the arrival of the donkey 
and a considerable number of strongyle eggs were observed. 


SEPTEMBER 20. After a fast of forty hours, the donkey was given 11 c.cs. of C.Cl, 
by stomach tube. Several Trichonema were passed, together with one female 
S. edentatus ? 


SEPTEMBER 26 and 29. ‘lhe faeces were examined and strongyle eggs were still 
found to be present in fairly large numbers. 


Ocroser 5. After a fast of forty-four hours, the donkey was dosed with 12 c.cs. of 
C.Cl,. A large number of Trichonema and some Oxyuris were passed as a 
result of this dose. 


Ocroser 14. After a fast of forty-four hours, the donkey was dosed with 12 c.cs. of 
C.Cl,. Only a very few Trichonema were passed as a result of this dose. 


NoveMBER 17. Faeces still showed strongyle eggs on examination. 


Novemser 18. After a fast of forty hours the donkey received 15 c.cs. of C.Clj. 
The faeces were collected for three consecutive days following this dose, but a 
search failed to reveal any Trichonema and only one degenerated Strongylus sp. 
The alimentary tract was now considered to be comparatively well cleared of 
parasites. 


NovemBer 29. Having thus obtained a fairly clean alimentary tract the donkey 
was dosed by stomach tube with a large number of sheathed filariform infective 
larvae of S. equinus. These larvae were washed down with water. It is 
important to remember this point, as it is referred to later in discussing post- 
mortem findings. For a few days prior to dosing, the donkey was given cut 
grass. ‘This grass was also given for a few days after dosing. The oldest larvae 
were from eggs plated about June 15, 1927. 

January 4. The donkey’s faeces were found to contain a few strongyle eggs and 
throughout the experiment, these eggs, although scanty, were never absent. 

January 23. The donkey had been going back in condition some time prior to this 
date, when it was observed to be very thin compared with the control animal. 
From about this time to the end of the experiment the animal became 
progressively worse, refused most of its food and assumed a very dejected 
attitude. 

January 24. A second dose of 8. equinus larvae was given in a similar manner to the 
first, but on this occasion no green food was offered. 

January 25. Blood smears were made from the ear and a 14 per cent. eosinophilia 
was found to be present. This was high as shown by contrast with the blood 
of the control donkey, which was found to be about 2 per cent. 

Fesruary 25. ‘The donkey was again fed with infective larvae of S. equinus in the 
same manner as at other times. Cabbage was given the day prior to and for 
three davs after dosing, in lieu of grass, which was difficult to obtain at this 
season. 

Marcu 3. Another dose of infective larvae was administered to the donkey, but 
no green food was given on this occasion. 

Marcu 17. Another small dose of infective larvae was given. Again no green 
food was offered. 

Marcu 19. The donkey was shot. Blood smears taken from the ear prior to 
death showed a 12:2 per cent. eosinophilia, as compared with the control donkey 
which was found to be about 3°5 per cent, 
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At the end of the experiment the donkey was extremely thin ; 
it refused most of its food and almost continuously assumed the 
recumbent position. This condition contrasted markedly with 
that of the control, which was fed on the same kind of food, and 
which was kept under the same conditions. On March rgth, this 
donkey was in very good condition, typical of what a healthy animal 
should be. Examination of the faeces of the sick donkey for eggs 
was carried out at frequent intervals and a large number of strongyle 
eggs were measured. These ranged from 82 to 112m in length. 
As the smallest egg, viz., the one which measured 82, in length, is 
about 2u in excess of the average length of the embryonated eggs of 
S. equinus, the conclusion was arrived at that these eggs originated 
from worms other than S. equinus, and that no egg depositing 
females of this worm were present in the donkey. 


RESULT OF POST MORTEM EXAMINATION 


I. General condition. Poor, extremely thin. No oedema 
present. | 

2. Peritoneal cavity. Contained about one or two pints of 
chocolate-coloured fluid ; parietal peritoneum normal. 

3. Diaphragm. Major portion normal; a few small haemor- 
rhagic patches present. 

4. Pleural cavity. The presence or absence of fluid was undeter- 
mined, as the cavity had been opened during bleeding. Pleura 
apparently normal. | 

5. Blood system. Unfortunately, the blood was not collected 
and examined for larvae. The heart and posterior aorta were 
normal. The caecal and colic branches of the anterior mesenteric 
artery were opened up, but appeared to be normal. 

6. Alimentary tract :— 

(a) Oesophagus. Normal. 

(b) Stomach. Normal. The gastro-colic ormentum was 
inflamed : it was of a pink colour and full of small shot- 
like nodules. 

(c) Small intestine. Contained two female specimens of 
Parascaris equorum. No parasitic nodules were found in 
the walls of this portion of the alimentary tract. 
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(d) Caecum. Visibly affected. The whole wall was full of 
nodules, many hundreds in number, some of which lay 
outside but attached to the serous surface. The majority, 
however, appeared to lie inside between the mucous and 
serous layers. These nodules varied in size, but were 
generally about as large asa lentil. Anything larger than 
this was rare. On dissection, small white spherical 
bodies were enucleated, in the centre of which material 
was often found having the appearance of inspisated pus, 
but in no case were any larvae seen. Several dark 
pin-point spots were observed on the mucous membrane ; 
these proved to be the characteristic lesion produced by 
the larvae of Tvichonema spp. A comparatively small 
number of adult Tvichonema were collected from the 
caecal contents. 

(e) Large colon. Was found to be studded with lesions exactly 
similar to those observed on the caecum. 

(f) Small colon and rectum. Nodules were present similar 
to those found on the caecum and large colon, but not so 
numerous. he lesions became progressively less 
numerous as the posterior end of the gut was reached. 

7. Lymphatic system. Practically all the visceral lymph glands 
were enlarged and several appeared to have nodules embedded in 
their substance. 

8. Gemital organs. Appeared normal. 

9g. Kidneys. With the exception of small haemorrhagic points 
visible under the capsule, the kidneys were normal. In the peri- 
renal tissue, however, a large number of larvae were found embedded ; 
two young adult S. edentatus males were also found here. 

10. Bladder. Contained thick yellowish urine. Apparently 
normal. 

11. Pancreas. Appeared to be of firmer consistency than 
normal, A large number of larva were taken from this organ. 

12. Spleen. With the exception of a few haemorrhagic streaks, 
and some small haemorrhagic foci under the capsule, and one nodule 
on the surface, this organ appeared to be normal. 

13. Liver. The liver was badly affected. It was firm to the 
touch and fibrous. Closer examination revealed numerous larvae 
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under the capsule, several of which were protruding, head outwards. 
Towards the inferior border a considerable amount of greyish fibrous 
material was to beseen. On cutting into the organ a large number of 
larvae could be squeezed out. 

14. Lungs. Appeared patchy, showing adjacent dark and light 
areas and on cutting into the tissue, small haemorrhagic spots could be 
seen. No larvae were found in this organ. 

15. Tvachea. Apparently normal. 


RESULT OF HISTOLOGICAL EXAMINATION 


Sections about 7 in thickness were cut of most of the tissues ; 
they were stained with Meyer’s haemalum and counter-stained with 
eosin. 

Pancreas. Examination of sections of this organ showed that 
no appreciable pathological change had taken place. 

Lung. With the exception of the small haemorrhagic spots, 
microscopic examination of the pulmonary tissues did not reveal 
any material change. The dark red foci consisted of numerous 
cells and a certain amount of plasma: most of the cellular elements 
were red blood cells, eosinophils and polymorphonuclears ; lympho- 
cytes were scanty. There is no evidence to suggest from an 
examination of the sections that these small lesions were in any 
way associated with the verminous infection. 

Liver. Sections of this organ showed that the greater proportion 
of the hepatic cells had been replaced by fibrous tissue in which 
groups of liver cells were here and there interspersed (Plate XXI, 
fig. A). 

Sections of the organ were cut showing the larvae 7m situ. Some- 
times the larvae were found lying between the liver cells and not 
surrounded by inflammatory tissue; at other times they were 
surrounded by fibrous tissue, only a small amount of liver parenchyma 
being seen in the section. 

Each larva was generally surrounded by a zone of red blood cells 
indicating that they had been responsible for a certain amount of 
haemorrhage within the organ. Mixed with the red cells were 
eosinophils, polymorphonuclear, and lymphocytes in varying 
proportions (Plate XXI, fig. B). 
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The Large Intestine. Nodules resulting from an inflammatory 
reaction of the tissues to the invasion of the larvae were found 
throughout the whole extent of the wall of the caecum and of the 
large and small colon. They were also found in the colic lymph 
glands. The lesions were not always macroscopically visible. 
This was especially demonstrated when sections of the caecal wall 
were examined. This was found to be literally riddled with lesions 
of all sizes and in all stages (Plate XXI, fig. D). 

The oldest helminthic nodules were found to consist of several 
well-defined zones surrounding the larvae (Plate XXI, fig. E). 

Zone 1. In the centre of the nodule is the larva. 

Zone 2. Surrounding the larva is a layer of varying thickness of 
material which stains a deep red with eosin. This probably 
represents a layer of disintegrated cells. 

Zone 3. Consists ofa thin layer of long, radially arranged, columnar- 
like cells which have their nuclei driven to the peripheral 
end. 

Zone 4. This zone is a comparatively wide one and is composed 
principally of fibroblasts in which some plasma cells, red 
blood cells, and a few eosinophils can be seen. 

Zone 5. This zone is cellular and is composed mainly of eosinophils 
and lymphocytes. This zone merges into the normal 
tissue of the intestinal wall. 

These zones were not so clearly defined in all sections of the 
same lesion. Thus sections may show a purely cellular or fibrous 
lesion depending on which part of the lesion has been cut. The 
value of serial sections is thus illustrated. 

Lesions were found in the submucous, muscular and subserous 
layers of the intestinal wall. 

Colic Lymph Glands. These were enlarged and contained 
a considerable amount of fibrous tissue, in which more or less typical 
helminthic nodules were found. Transverse sections of at least 
three larvae were observed in a section from one lymph gland 
(Plate XXI, fig. C). 
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DESCRIPTION OF LARVAE FOUND IN THE LIVER, PANCREAS 
AND PERIRENAL TISSUE 

The larvae which represent the fourth larval stage of S. equinus 
vary in length between 3:5 mm. and 11:8 mm. and between 0-44 mm. 
and 0-85 mm. in maximum width. The body attains its maximum 
width in the region of the posterior end of the oesophagus, or the 
anterior region of the gut, behind which it gradually tapers to end 
in a conical tail. This conformation of the body gives the larvae 
a characteristic club-shape. On the ventral surface, and at about 
the level of the base of the buccal capsule, the opening of the 
excretory duct can be very distinctly seen. 


B C 


Fic. 1. Strongylus equinus larvae from liver. .4.—Head end, ventral view ; < 180. B.—Head 
end, lateral view; X 180. (@.—Larva from liver; x 13. 


The head is provided with a definite chitinous provisional buccal 
capsule, which has a length of between about 454 and 60y and a 
maximum dorso-ventral diameter of between about 7owandgow. An 
idea of the shape of this buccal capsule can best be obtained from an 
examination of Fig. 1, A and B, which is more or less typical of that 
possessed by all the larvae. A short and narrow muscular oesophagus 
which varies between 510 and 6704 in length and between 6oyu and 
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160” in maximum width follows the buccal capsule. It occupies 
between about 1/6 and 1/15 of the body-length. A straight gut 
continues posteriorly to open at the anus, which is situated at 
a distance which varies from 60” to 2004 from the posterior end. 
Practically the whole of the body cavity not occupied by the gut is 
filled up by a mass of genital cells. 


DISCUSSION OF THE RESULTS 


By an examination of the lesions produced by the dosing of this 
donkey with infective larvae of Strongylus equinus, a considerable 
addition to the knowledge of the parasitic life-history of this nema- 
tode, and the pathogenic effects of the larvae, has been gained. 
When the animal was procured for the purpose of experimentation, 
it was in good condition and there is no reason to suppose that the 
lesions described in this paper were present to any extent before the 
experiment was commenced. The possibility that the animal 
became infected through the medium of the grass can be ruled out, 
because in the first place the grass was obtained from a field which 
had for some years only been occasionally grazed by an odd horse 
and therefore could not have been heavily infected, and secondly 
because the control donkey was fed with grass from the same sack 
and the animal remained apparently healthy. Though admittedly 
a single donkey cannot be considered a perfect control, yet it does 
provide some standard for guidance. As the experimental animal 
went down in condition before the second dose of larvae was adminis- 
tered, it is obvious that the first dose infected the donkey and, 
as this dose was a large one, it is not unreasonable to suppose that 
the majority of the lesions were caused by these first larvae. The 
lesions for which the larvae given in subsequent doses were responsible 
is not known ; in faet there is, unfortunately, no means of determining 
if later doses resulted in further infection. | 

An examination of the lesions produced shows that the most 
intensely infected portion of the alimentary tract was the wall of 
the caecum. Whether, under natural conditions, the infective 
larvaé, when taken in, have a preference for the caecal wall is of course 
not known, but that under the conditions of the experiment they 
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would have was to be expected as they were washed down by 
considerable amounts of water, which, in the ordinary course of 
events, would, if the stomach be empty, pass direct to the caecum. 

The absence of adult specimens of S. equinus from the gut of 
this donkey is one of the most interesting features of the experiment. 
Unfortunately, however, no adequate explanation of the phenomenon 
can, at present, be offered. 

An idea of the probable parasitic life-history of this worm can 
now be gauged with a fair degree of accuracy by a consideration of 
the lesions produced in this experimental donkey. The infective 
larvae taken in while grazing are swallowed with the food and pass 
down to the caecum and colon, where they bore through into the 
gut wall. Here they encyst for some time, as is revealed by the 
tissue reaction which takes place. Possibly, the nodules thus formed 
indicate the site in the body that the larvae select in which to pass 
the third stage of their life-history. That these lesions are not the 
result of larvae re-entering the gut prior to their assuming the charac- 
teristic form of the adult is indicated by the small size of the nodules. 
After an unknown period of time necessary for the completion of 
growth, the larvae probably bore through the gut wall and enter 
the liver, pancreas and perirenal tissue. The presence of blood- 
stained fluid in the abdominal cavity might, perhaps, be held to 
indicate that the larvae entered, or took their exit from the liver by 
boring. That the larvae found in the liver, pancreas and perirenal 
tissue were provided with a provisional buccal capsule indicates that 
these are fourth stage larvae. The question as to which is the 
normal site of the final larval stage is opened up at this point. The 
liver was the more grossly invaded and affected organ and it may be 
that the larvae found in the pancreas and perirenal tissue were 
wandering parasites which had lost their way. The fact that larvae 
were found protruding head foremost out of the liver might be held 
to indicate that these parasites were boring directly to their final 
destination. 
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Fig. A. 


Fig. B. 


Fig. C. 


Fig. D. 


Fig. E. 


EXPLANATION OF PLATE XXI 


Transverse section of a piece of the liver. The darkly- 
staining portion represents hepatic cells; the lighter 
portion represents fibrous tissue. x about 120. 


Transverse section of a piece of the liver showing a larva 
in situ just under the capsule. The darkly-staining 
portion immediately surrounding the larva represents 
chiefly red blood cells and eosinophils. x about 60. 


Section of a colic lymph gland showing two helminthic 


nodules. x about Io. 


Transverse section through the wall of a piece of the 
caecum, showing several helminthic nodules. x about 15. 


Section through a helminthic nodule, showing the five 
zones. xX about 100. 
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A NOTE ON THE USE OF. THE 
ROMANOWSKY STAINS IN THE TROPICS 


BY 


J. L. PAWAN 


GOVERNMENT BACTERIOLOGIST, TRINIDAD, B.W.I. 


(Received for publication, 22 August, 1928) 


Under tropical conditions the modifications of the Romanowsky 
Stain (Leishmann, Giemsa and Wright) quickly deteriorate ; in many 
laboratories a fresh supply has to be prepared every five to ten days, 
leading to much inconvenience, waste and expense. Old supplies, 
even when employed with freshly prepared distilled water, not only 
stain feebly but may stain both red and white blood cells blue with 
chromatin of protozoa, also blue and indistinguishable from the 
cytoplasm. In other cases chromatin may stain faintly blue or not 
at all, or a fine precipitate may cover the preparation. The recom- 
mendations made to secure satisfactory staining are many, e.g., the 
use of freshly prepared distilled water, of distilled water with the 
CO, boiled off or buffered with a phosphate or neutralised with 
lithium or sodium carbonate by the use of a suitable indicator. In 
spite of these precautions the results are often unsatisfactory. 

While in temperate climates acidity of the distilled water is to be 
avoided, in the Tropics alkalinity of the distilled water is equally 
injurious. 

That the ordinary glass vessels in which stains and distilled water 
are kept rapidly corrode in the Tropics is not fully appreciated. Most 
glasses are composed of soda glass, and in a hot, humid climate 
readily produce a film of surface alkali which can be recovered by 
washing and be easily detected by the alteration in pH. Distilled 
water readily takes up this alkali with a consequent alteration of its 
pH towards alkalinity and the production of unsatisfactory staining. 
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The change does not, however, take place to so great an extent 
with ‘ Pyrex’ glass vessels.* Pyrex glass has an alkali content ot 
4:6 per cent. (Na,O = 4-4 per cent. ; K,O = 0-2 per cent.) whereas 
ordinary glass has a content of 12 to 18 per cent. alkali. Further, 
the solubility towards distilled water of an exposed area of 100 sq. ¢.m. 
of Pyrex glass is 0-00015 grammes, and of ordinary glass, 0-001 3 
grammes. Pyrex glass contains no heavy metals and no metals of 
the magnesia-lime-zinc group which are commonly present in 
ordinary soda glass. In the presence of these metals Romanowsky 
stain undergoes very complex chemical changes and becomes 
unsatisfactory for staining in microscopy. 

If distilled water be made every one to five weeks from an ordinary 
copper still, a stock, say one litre, be kept in a glass-stoppered Pyrex 
bottle, from which the quantity required for adding on any particular 
occasion to the stain may be removed, the stain (Leishmann, Giemsa 
or Wright) also kept in a glass-stoppered Pyrex bottle and the 
quantity required taken up with a glass pipette, one supply of stain 
will be found to give satisfactory staining results for as long as six to 
nine months, with the periodical addition of small amounts of 
methyl alcohol to replace that lost by evaporation. In practice 
here in the case of Leishmann and Wright stains, the powdered stain 
obtained from a reliable manufacturer is merely added to the required 
amount of methyl alcohol in a glass-stoppered Pyrex bottle and, 
after being well shaken, is ready for use. It improves with age from 
about one week after preparation. Giemsa stain bought in solution 
is emptied immediately on receipt into a glass-stoppered Pyrex 
bottle. 

It is not necessary, as is generally thought, that the methyl 
alcohol used be absolutely pure and acetone-free. Methyl alcohol 
containing 0-012 per cent. acetone and 0-013 per cent. aldehyde gives 
equally satisfactory results. 

The following table gives the pH changes as estimated by the 
Electrometic method, for which my thanks are due to Mr. Follet- 
Smith, of the Imperial College of Tropical Agriculture, Trinidad. 


* The English Agents are Messrs. James A. Jobbing & Co., Ltd., Sunderland. 
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After 7 hours After 8 days 
After 7 hours | in ordinary | After 8 daysin) in ordinary 
in Pyrex flask | glass drop | Pyrex bottle | glass drop 
bottle bottle 
Fresh distilled water with 4-60 pH. ...} 4°60 pH. 5°68 pH. 5°62 pH. 6-42 pil. 
Leishmann stain with 6°20 pH. | 6°20 pH. 6-32 pH. 6-63 pH. 6-52 pli. 
Giemsa stain with 6°13 pH. ... 6°13 pH. 630 6-60 pil. 6-42 pH. 


Both Leishmann and Giemsa stains, kept for eight days in 
an ordinary glass drop bottle and used with distilled water similarly 


preserved, give unsatisfactory staining. 


If the stain be kept in 


ordinary glass and the distilled water in Pyrex glass, the results are 
not so unsatisfactory, but are far inferior to those obtained when 
both stain and water are stored in Pyrex glass. 
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SYNGAMUS TRACHEA FROM THE 

STARLING TRANSFERRED TO THE 

CHICKEN, AND SOME PHYSIOLOGICAL 
VARIATION OBSERVED 


BY 


B. L. TAYLOR, Se., 


(Veterinary Laboratory, Ministry of Agriculture and Fisheries) 
(Recetved for publication 26 September, 1928) 


The starling has recently been cited as an important agent 
in the dissemination of gapes among domestic birds in this country. 
In 1925, Lewis examined starlings from North Wales, and found 
14 out of 38 to be infected, and between November, 1925, and 
lebruary, 1926, he found 169 birds infected out of a total 
number of 482 examined, also from North Wales. In a more recent 
paper the same author deals in detail with some of the morphological 
variations occurring in Syngamus from various hosts, and after 
comparison of many specimens from the chicken, turkey, pheasant, 
bantam, starling and rook, concludes that all belong to one species 
which is peculiarly liable to modification because of the very different 
hosts in which it may be found. In a short note in 1926, Leiper 
states that he was successful in producing heavy infections in chickens 
by the administration of infective eggs of Syngamus trachea from the 
starling, under carefully controlled conditions, but gives no experi- 
mental details. 

In the early part of this year numbers of starlings were sent to 
this laboratory from Devonshire, where they had been suspected 
of transmitting coccidiosis to chickens. Advantage was therefore 
taken of this opportunity to examine starlings from a different 
part of the country, and to attempt to infect chickens with the 
Syngamus found in them. 
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Starlings were received in consignments as follows :—5.1.28— 
20 starlings (no Syngamus) ; 9.1.28—20 starlings (no Syngamus) : 
11.1.28—19 starlings (3 pairs of Syngamus) ; 14.1.28—2o0 starlings 
(11 pairs of Syngamus) ; 18.1.28—18 starlings (10 pairs of Syngamus) ; 
23.1.28—17 starlings (2 pairs of Syngamus) ; 25.1.28—20 starlings 
(3 pairs of Syngamus) ; 27.1.28—20 starlings (1 pair of Syngamus) ; 
1.2.28—20 starlings (1 pair of Syngamus) ; 6.2.28—1r10 starlings 
(3 pairs of Syngamus) ; 8.2.28—10 starlings (5 pairs of Syngamus) ; 
g.2.28—16 starlings (3 pairs of Syngamus) ; 14.2.28—18 starlings (no 
Syngamus) ; 15.2.28—18 starlings (4 pairs of Synugamus) ; 21.2.28— 
20 starlings (1 pair of Syngamus) ; 22.2.28—20 starlings (3 pairs of 
Syngamus) ; 27.2.28—20 starlings (10 pairs of Syngamus) ; 29.2.28— 
10 starlings (1 pair of Syngamus); 3.3.28—10 starlings (no 
Syngamus) ; 6.3.28—20 starlings (10 pairs of Syngamus). 

The total number of birds examined was 356, in which 71 pairs 
of worms were found. Doubtless some birds would harbour more 
than one pair, so that the percentage of infected starlings would 
be something less than 19:3 per cent. Unfortunately, it was not 
noticed until towards the end of February that most of the birds 
sent in were last year’s fledglings, which could be distinguished by 
their dark beaks and dull plumage, but after that time it was observed 
that all gapeworms found were present in these young birds, none 
being found in the old ones. 

No morphological difference could be found between the Syngamus 
trachea from starlings and from chickens, but it was thought worth 
while to try transmission of the worm from starlings to chickens; 
eggs therefore were cultured after the method used by Ortlepp in his 
work on the life history of the parasite. The development of the 
embryo was observed daily and in every way followed Ortlepp’s 
description of the development of Syngamus trachea from turkeys. 

The results of administration of infective larvae to chickens and to 
starlings may be more clearly shewn by means of tables. 


INFECTION EXPERIMENT No. 1 


In which infective larvae of Syngamus trachea from starlings 
were administered to chickens of various ages. The method of 
administering the larvae was the same throughout all the 
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experiments, a glass pipette being passed down the oesophagus 
and the larvae squirted into the crop. 


No. of | Age of chick | No. of Age of chick No. of | Age of Size of 
chicken | indays in days when} pairs of Worms largest female 
when dosed larvae given | examined worms found _in days in mm. 
I 2 | 140 16 | 4 | 14 9°5 
2 2 140 16 I | 14 5 
2 | 
3 20 Kore) 30 | 1 10? 4 
| 
140 | 
4 20 100 30 | I 28? it 
2 140 
5 20 100 30 3 28? 11'S 
6 5° 30 eee 
7 9 50 30 ° sei ons 
8 9 50 30 ose 
9 9 50 30 
10 9 50 30 sin one 
II | 20 100 21 | | 
12 20 100 30 I 10 4 
13 20 100 30 4 10 4 
14 20 100 | 30 
15 20 100 30 
16 26 100 35 ene 
17 26 100 35 
18 26 100 37 | 
19 26 100 4o 
20 26 | 100 | 40 oO ees eee 
| 


No ‘ gaping’ or respiratory disturbance of any kind was observed throughout the experimental 
period. 


310 


CONTROL to INFECTION EXPERIMENT NO. I. 


In which the same culture of Syngamus trachea from starlings as 
used in No. 1, was administered to fifteen starlings, there being 
an interval of seven days between the two doses. These birds 
did not take well to captivity and only six survived long enough to 
show results. 


| 
No. of No. of No. of Age of | Size of 
starling infective larvae yairs of worms jargest female 
§ 
administered worms found in days | in mm. 
I 140 
| ~ 
4 8 5°5 
140 
| 50 7 8 5°5 
| 
3 | I4o 
| 5° 4 Io 3°75 
4 140 
50 3 12* 
5 140 
50 
6 140 22 0r Mature-—not 
50 4 28 measured 


* Of these three worms, two measured 12 mm. and one 8 mm., and from their large size they 
are thought to be the result of previous natural infection. 


DISCUSSION OF EXPERIMENT NO. I. 


The attempt to produce infection in chickens with Syngamus of 
the starling was not very successful. Although doses varying between 
50 and 240 of apparently infective larvae were administered to 
twenty chickens of ages varying between two and twenty-six days, 
only seven showed the presence of worms on post-mortem examina- 
tion. Of five chickens which were dosed when two days old, all 
became infected, but in no instance were more than four pairs of 
worms found; no deaths occurred as a result of infection, nor were 
any symptoms of ‘ gapes’ observed throughout the experimental 
period. 

It might be gathered from this that Syngamus trachea of starlings 
is not harmful to chickens, but although the attempt to infect 
starlings, as a control to the above, was more successiul, the resulting 
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infection was not sufficiently heavy to produce symptoms. As this 
might indicate some fault in the culture of infective larvae which 
could not be detected by means of the microscope, it was decided 
to make a new culture and feed more chickens. 


INFECTION EXPERIMENT No. 2 


In this experiment 100 apparently healthy infective larvae 
from a new culture of Syugamus trachea of the starling were 
administered to each of twenty chickens at ages varying from 
twenty-four hours to nine weeks. Only two chickens became 
infected as a result, and these received the infecting doses when 
fourteen and fifteen days old respectively. Two pairs of worms were 
found in one chick and one pair in the other, and no respiratory 
disturbances were observed during the experimental period. This 
result strengthens the suspicion that Syngamus trachea from the 
starlings is not harmful to chickens. 

There had been some difficulty in obtaining live chicken ‘ gape- 
worms,’ but as soon as these came to hand, a third infection experi- 
ment was carried out in order to control what, in the previous 
experiment, had been a doubtful quantity, i.e., the efficiency of the 
cultural method and the viability of the resulting larvae. 


INFECTION EXPERIMENT No. 3 


“ges of Syngamus trachea of starlings and of chickens collected 
under similar conditions were cultured side by side at 25°C. in 
shallow water which was changed and aerated daily, exactly as had 
been done in the two previous experiments. The infective larvae 
obtained in this way were administered to chickens. 

The Syngamus of starlings used in this and in the next experiment 
were collected from chickens used in infection experiments Nos, I 
and 2, so that although they were originally from starlings they had 
passed one generation in chickens. The comparison of results 
obtained will show that this may be an important point. 

In the first group approximately roo infective larvae of Syugamus 
trachea of starlings which had passed one generation in chickens 
were administered to each of eight 48-hour old chickens with the 
following results :— 
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No. of Age of chicken No. of | Age of Size of 
chicken in days when pairs of | worms largest female 
examined worms found — in days in mm. S 
| I 
I II | 
| re 
2 17 33 | 15 5 Ci 
3 19 15 | 17 10 t] 
| 
4 20 6 | 18 II Ct 
5 21 12 | 19 9°5 d 
6 22 7 | 20 14°5 ” 
Ye 
7 40 3 | 38 13 
cl 
8 | I 38 I 
| 4 | 3 | 3 e; 
The first signs of respiratory embarrassment appeared in one chicken on the twelfth day ; 
one other commenced to shew symptoms on the thirteenth day, one on the fourteenth, and two it 
others on the eighteenth day. Five chicks died from the infection: No. 1 died from other causes, 
and Nos. 7 and 8 were killed. W 
In the second group approximately 100 eggs containing infective 
larvae of Syngamus trachea from chickens (not originally from 
starlings) were administered to each of twelve 48-hours old chickens. 
Results were as follows :— 
No. of Age of chicken No. of | Age of Size of ” 
chicken in days when pairs of worms largest female 0] 
examined worms found | in days in mm. 
| cl 
I 6 
2 8 
3 II II 9 3 
4 1 7 9 | 6°5 
5 12 42 10 | 85 
6 12 43 | 10 8 
7 12 53 | 10 9°5 
8 13 46 | 11 9°5 
9 14 27 | i2 | 11 
10 14 3 | 12 11 
II 14 14 | 12 | II 
| | ar 
12 17 12 | 15 | 15 eh 
3 
35 
All chickens showed marked signs of respiratory embarrassment on the tenth day after the in 
administration of the dose. Nos. 1, 2 and 1o died from other causes, all the remainder died as a Ww 
result of the infection. 
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DISCUSSION OF THE RESULTS OF INFECTION EXPERIMENT NO. 3. 

This attempt resulted in a heavy infection of the chickens with 
Syngamus trachea of the starling, so that five of eight died of ‘ gapes 
It is interesting to note that these chickens did not begin to show 
respiratory symptoms until two days after their appearance in the 
controls infected with Syngamus trachea from the chicken, and 
then only in one bird, whereas ‘ gaping’ was general among the 
controls as early as the tenth day after infection. All the controls 
died before the first death occurred among chickens infected with 
worms from the starling. A marked difference is also seen in the 
rate of growth of the worms from the two sources, those from the 
chicken host appear to grow more rapidly, and reach a larger size at an 
earlier age than those originating from the starling host. 

Because of the variation between these and previous results, 
it was thought advisable to carry out another infection experiment 
with more fresh material. 


INFECTION EXPERIMENT No. 4 


In the first group approximately sixty infective larvae from 
worms collected from chickens used in infection experiment No. 2, but 
originally from starlings, were administered to thirteen 24-hours old 
chickens. Results were as follows :— 


No. of Age of chicken No. of Age of Size of 
chicken in days when pairs of worms largest female 
examined worms found in days | in mm. 
2 16 27 15 10 
3 19 14 18 12 
4 21 10 20 11 
5 21 3 20 115 
6 2 5 22 12 
7 33 I 32 12 
8 39 2 38 17 
9 39 I 38 15 
10 | 39 1 lesion 38 
II | 39 38 
12 39 38 
13 39 fe) 38 


No respiratory embarrassment appeared until the fourteenth day after infection, when symptoms 
appeared in two chickens, and by the seventeenth day five chickens were ‘ gaping.’ None of the others 
showed any symptoms during the experimental period. Nos. 1 and 7 died from other causes, Nos. 2, 
3) 4, 5 and 6 died as a result of infection, and Nos. 8, 9, 10, 11, 12 and 13 were killed. It was noticed 
in chickens Nos. 3, 4, 5, 6, 7, 8 and g that the worms were attached to the upper half of the trachea, 
while No. 10 showed a lesion also well above the middle. 
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In the second group approximately forty eggs containing infective 
larvae of Syngamus trachea from chickens (not originally from 
starlings) were administered to each of thirteen 24-hours old chickens. 
Results were as follows :— 


No. of Age of chicken No. of Age of Size of 
chicken in days when pairs of worms | largest female 
examined worms found in days in mm. 
1 | 14 1g 13 13 
2 15 14 14 | 13 
3 16 10 15 15 
4 16 8 15 15 
5 17 10 16 17 
6 18 5 17 16 
7 1g 10 18 | 16°5 
| 
21 i2 20 17 
9 25 10 24 17°5 
10 25 I | 24 23 
11 42 2 41 | 25 
| 
13 42 4 | 41 23 
| 


Symptoms were first observed on the eighth day and on the tenth day ten chickens were badly 
affected. Nos. 1 to 9 inclusive died as a result of infection, No. 10 died from other causes. Observa- 
tions were made on the position of the worms in Nos. 8, g, 10, 11, 12 and 13, and they were found 
without exception to be attached to the middle or lower half of the trachea. 


DiscussION OF RESULTS OF INFECTION EXPERIMENT NO. 4. 


Results of this experiment are very much like those of experiment 
No. 3, and chickens again became heavily infected with starling gape- 
worms ; but although the infective dose of Syngamus of starlings was 
one and a half times that of Svugamus of chickens, symptoms did not 
appear until six days later. Differences in size are again shown, 
Syngamus from the starling being considerably smaller than Syngamus 
of the chicken at the same age. 
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An additional note of interest is the position taken up by the 
worms in the trachea. Unfortunately the difference was not noticed 
until near the end of the experiment when only eight chickens 
harbouring starling ‘ gapeworms’ and = six chickens harbouring 
chicken ‘ gapeworms ’ remained to be examined, but without any 
exception these showed the worms from starlings to be attached to 
the upper half of the trachea, and those from chickens to be attached 
to the middle and lower half, the difference being very well marked. 


GENERAL DISCUSSION 


It has not been found possible to differentiate between the 
morphology of members of the genus Syugamus occurring in starlings 
and those occurring in chickens, and the object of the feeding experi- 
ments here described has been to ascertain whether these worms 
from the two different hosts are also physiologically identical. 

In the first two experiments cultures were made from worms 
taken directly from starlings, and the resulting infection was very 
light ; only one-quarter of the chickens became infected and not 
more than four pairs of worms developed in any one chicken. In 
subsequent experiments where heavy infestation resulted the 
same cultural methods were used, so that apart from some unknown 
factor influencing the cultures, it must be concluded that this strain 
of Svngamus trachea of starlings did not take kindly to its new host 
at the first passage, and under natural conditions would not be 
so likely to cause trouble among chickens as would the introduction 
of infection from the chicken host. 

The starling material which was used in two later experiments 
had passed one generation in the chicken and so may have become 
better adapted to its new host ; it was found that a heavy infestation 
might be produced and result in the death of half of the chickens 
which received the infective dose. This mortality is much smaller 
than was produced by Svugamus trachea from chickens used in the 
same experiments where it reached go per cent. in spite of a smaller 
dose having been administered to some of these birds. 

-A further comparison of results shows three differences in the 
behaviour of the worms from the two sources, viz. :— 

A. The rate of growth of Syngamus from chickens is more 
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rapid than that of Syngamus from starlings in the chicken host. 
The following table shows a comparison of sizes of worms at the 
same ages from the two hosts :— 


Size of largest female in mms. 
Age of worms in days 
Worms originating from starling | Worms originating from chicken 

9 6°5 
10 4 9°5 
9°5 
12 
13 13 
14 9°5 13 
15 10 15 
16 17 
17 10 16 
18 12 | 16°5 
19 9°5 
20 14°5 17 
22 12 | 
24 | 23 
32 12 
38 17 | 
41 25 


B. The number of larvae of Syngamus of starlings which 
developed to maturity averaged eight pairs per chicken, as compared 
with seventeen pairs of Syngamus of chickens. 

C. In fourteen observations made, Syngamus of starlings 
attached itself to the upper half of the trachea, whereas Syngamuts 
of chickens made its attachment at the middle or lower half. This 
difference in position was so well marked that it was an easy matter 
from that point alone to tell to which group an experimentally 
infected chicken belonged. From the time that this disposition of the 
parasites was first oberved, no deviation occurred and it is thought 
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to have been a constant difference between the ‘ strains ’ of Syngamus 
trachea used in the experiments. 

The above-mentioned differences are not very great and in 
drawing conclusions it must be remembered that they may not be 
constantly characteristic of Syngamus trachea from the two different 
hosts, but only of the particular strains which were used. In either 
instance it is of some importance to know the range of physiological 
variation which may occur in the life history of a species. 

Some interesting information comes to hand from the head- 
keeper of the estate from which starlings were obtained for these 
experiments. live hundred six-weeks old pheasants were placed 
this season in the copse where the starlings roosted in large numbers 
during the months of January and February, and although some of 
these pheasants developed ‘ gapes,’ the infection was no worse, 
nor were a greater proportion infected than among pheasants reared 
in other parts of the estate. 

While it is possible that the ground under the trees which, in many 
parts, was thickly covered with the excrement of starlings was not 
a good place for the satisfactory development of the Syngamus larvae, 
the findings of the experiments described above offer an alternative 
explanation, and it is strongly suggested that Syngamus trachea 
shows a marked tendency to subdivide into strains, each with a 
physiological adaptation to its particular host. 


SUMMARY 


1. Chickens may be experimentally infected with Syngamus 
trachea of starlings. 


2. The first passage of Syngamus trachea of starlings to chickens 
results only in a light infection. 


3. After one passage through chickens, Syngamus trachea of 
starlings may experimentally produce a heavy infection in chickens. 


4. Other differences between the behaviour of Syngamus trachea 
of starlings and of chickens have been observed :— 
(a) In their rate of growth in the chicken. 
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(6) In the proportion of larvae given in the experimental feed 
which develop to maturity in the chicken. 

(c) In the position which they take up in the trachea of the 
chicken. 


5. It seems probable that the strain of Syngamus trachea of 
starlings used in these experiments would be harmless to chickens 
under natural conditions. 


6. Syngamus trachea is a species within which may be found 
a number of strains showing a peculiar physiological adaptation 
to the host in which they occur. 
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CESTODARIA FROM INDIA AND 
CEYLON 


BY 


T. SOUTHWELL 
(Received for publication 1 October, 1928) 


CESTODARIA Monticelli, 1892 


Monozoic Cestodes Lang, 1891. 


Monticelli, in 1892, placed together in a class which he called 
Cestodaria, all those Cestodes which contained only a single set of 
genital organs, and in which, consequently, the body is not segmented. 
A definite scolex is absent. In addition to the male pore, and female 
(vaginal) pore, there is a third aperture, viz., that of the uterus 
(birth pore). The apparatus by which fixation is effected consists 
usually of a single minute sucker, but it presents considerable variation 
in form, as well as in disposition ; it may be absent altogether. The 
worms are found in the body cavity and gut of certain fishes, and 
vary in size up to a maximum of 380 mm. in length and 30 mm. in 
breadth. 

These forms are in some respects intermediate between the 
Trematoda and the Cestoda. They resemble the former class in 
appearance, but differ from them in the absence of an alimentary 
canal. Morphologically they resemble Cestodes, but differ from them 
in never containing more than a single set of genital organs. 

Four genera are usually included in this class :— 

(1) Amphilina Wagener, 1858. Worms parasitic in the body 
cavity of fish. They measure up to a foot in length and three- 
quarters of an inch in breadth. They are flat, tape-like and 
unsegmented. Anterior end notched, but sometimes with a small 
papilla. Male genital pore posterior; cirrus sac absent. Female 
pore slightly in front of the male pore. Uterus very long and 
N-shaped, from two to three times the length of the body. Uterine 


pore at the anterior extremity: embryo, with ten hooklets. 
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(2) Gyrocotyle Diesing, 1850. Typically parasitic in the gut of 
certain fishes, viz., Chimaera spp. Posteriorly the body tissue is 
thrown into a series of folds known as a rosette ; anteriorly there is an 
acetabulum which does not function as an organ of attachment. 
Openings of the penis, vagina, and uterus on the dorsal surface, 
anteriorly, a little behind the terminal sucker. Apparently the 
eggs are operculated in some species. 

(3) Caryophyllaeus Miller, 1787. Worms parasitic in the gut of 
Cyprinoid fishes. They measure up to 30 mm. in length and 5 mm. 
in breadth. The anterior extremity is expanded, very mobile, and 
irregularly folded, functioning as an organ of fixation but without 
definite sucking grooves. Genital apertures are in the last quarter 
of the body length. The ovary is situated near the posterior 
extremity. Larval stages occur in Tubificidae (Annelid worms). 

(4) Archigetes Leuckart, 1878. Worms found in the body cavity 
of Tubificidae. They measure up to 6 mm. in length. The body 
is composed of two parts, namely, an anterior part, the extremity 
of which bears two bothridial depressions, and a posterior tail-like 
portion—the appendage—which bears the embryonic hooks. 

Braun (1883) erected the family Ampiuilinidae, to contain the 
genera Amp/hilina Wagener, 1858, and Amphiptyches Grube and 
Wagener, 1852 = (Gyrocotyle Diesing, 1850). His definition of the 
family was ‘ oval or leaf-shaped worms without a distinct head, but 
with a single small acetabulum at one end.’ 

Plehn (1905) described two worms from the blood of Cyprinoid 
fishes for which she erected the genus Sanguinicola. The genus was 
referred to a group which she named the Rhynchostomida ; the latter 
was defined as follows :—The worms are parasitic in the blood of 
fishes and measure about Imm. in length. The body is unsegmented : 
a definite scolex is absent. In place of the scolex there is a retractile 
papilla upon which well-developed glands open. Each worm 
contains a single set of genital organs. The male genital pore is on 
the flat side. 

Liihe (1910) placed these forms amongst the monozootic Cestodes. 
Poche (1926) rightly referred them to the Trematoda. 

During recent years the classification of the monozootic Cestodes 
has been undergoing very rapid and extensive changes. 
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Liihe (1910) recognised two groups of monozootic Cestodes, 
namely, Cestodaria Monticelli, 1892, including the genus Amphtlina 
Wagener, 1858, and the Rhynchostomida Plehn 1905, including only 
the genus Sanguinicola Plehn, 1905. 

Nybelin (1922) erected the family Cyathocephalidae, which he 
divided into two sub-families, namely Cyathocephalinae Liihe, 1899, 
and Carvophylinae Nybelin, 1922. In the first sub-family he placed 
the genus Cyathocephalus Kessler, 1868, and in the second sub- 
family he placed the genera Caryophyllaeus Miiller, 1787 and 
Archigetes Leuckart, 1878. 

Woodland (1923) placed the Caryophyllaetidae Claus, 1879, 
amongst the Cestodaria, uniting them with the Gyrocotvliidae Benham, 
1g0I, into a new order which he termed Paralinidea. 

Meggitt (1924) follows Liihe’s classification. 

Fuhrmann and Baer (1925) do not, however, accept Woodland’s 
classification which they regard as a regression, and they point out 
that Loennberg, in 1897, showed that the Caryvophyllidae are 
secondarily monozootic, whereas the Gyrocotylidae are primarily 
monozootic. 


Poche (1926) classified the monozootic Cestodes as follows :— 
Sub-class Amphilinoinet Poche, 1926. 
Order Amphtlinidea Poche, 1922. 

Family 1. Amphilindae Claus, 1879. 
Sub-family 1. Amphilininae Poche, 19206. 
Containing the genus Schizochoerus Poche, 1922. 
Type-species :-—Schizochoerus ligulotdeus (Diesing, 1850) Poche, 1922 

Amphilina liguloidea (Diesing, 1850) Monticelli, 1892. 
Sub-family 2. Gephyrolininae Poche, 1926. 
Genus Gephyrolina Poche, 19206. 
Type-species :—Gephyrolina paragonopora (Woodland, 1923). 
Sub-family Gigantolininae Poche, 1922. 
Genus Gigantolina Poche, 1922. 
Type-species :—Gigantolina magna (Southwell, 1915). 
Order Gyrocotylidea Poche, 1926. 
Family Gyrocotylidae Benham, 1901. 
Genus Gyrocotyle Diesing, 1850. 
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It will be noted that Poche retains the genus Gyrocolyle amongst 
the monozootic Cestodes. He rightly considers that the species of 
the genus Sanguinicola Plehn, 1905, are Trematodes and not Cestodes. 

In the present state of our knowledge it seems desirable to 
consider the true monozootic Cestodes as comprising two families, 
one represented by the genus Gyrocotyle, and the other by the 
genus Amphilina Wagener, 1858. No representatives of the 
former genus have been recorded from India, but two species of the 
latter genus (one from fresh water, India, and one marine from 
Ceylon) are well known. With reference to Poche’s earlier (1922) 
classification of the known species of Amphilina Woodland (1923), 
states that he is ‘ wholly unable to concur with the author’s grotesque 
proposal to found separate families and sub-families for known 
species of Amphilina. The best policy to adopt with suggestions 
of this kind is to ignore them.’ 

Poche, in 1926, modified his classification as indicated above. 
In this paper the various species are considered as all belonging 
to the genus Amphilina Wagener, 1858, the only genus of the family 
Amphilinidae Braun, 1883. 


Genus Amphilina Wagener, 1858. 

Body flat, unsegmented, and usually very elongated: suckers 
absent. Anteriorly a number of very large unicellular glands open, 
sometimes on to a small papilla. Skin unarmed : female genital pore 
posterior, a little in front of the male pore. Uterine pore at the 
anterior extremity of the body. The excretory system consists of 
anastomosing vessels with pore posterior. Testes very numerous in 
two narrow lateral bands extending almost the length of the worm : 
vitelline glands also in two lateral bands external to the testes. 
Cirrus sac absent. Ovary posterior: uterus very long, N-shaped. 
Eggs containing an embryo which bears ten hooklets. 


Amphilina magna Southwell, 1915 (Iigs. 1 and 2) 
= Gigantolina magna (Southwell, 1915) Poche, 1921. 

Found in the body cavity of Dragramma crassispinum, Pearl 
Banks, Ceylon. 

When alive, the worm attains a maximum length of 380 mm. 
and a breadth of nearly 30 mm., with a thickness of about 1-5 mm. 
When preserved they shrink very considerably. They are flat with 
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parallel margins, milky white in colour, broadly rounded at one 
extremity, and terminating at the other extremity in an acute point. 
The uterine pore is situated ventrally near the anterior extremity : 
the vagina also opens ventrally near the posterior extremity, a little 
in front of the vas deferens. The skin does not bear spines, but is 
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Vic. 1. Ampbilina magna Southwell, 1915. Vic. 2. Ampbilina magna Southwell, 1915.’ 
Entire worm. v.g.—vitelline glands ; t.—testes ; Posterior extremity. “.—uterus 7.s.—recepta- 
u.—uterus ;  7.5.—receptaculum —seminis ; culum seminis; 0.—ovary ; g.p.—genital pore. 
0.—ovary ; g.-p.—genital pore. X about 2/gths. < about 2. (Modified, after Southwell.) 


(After Southwell.) 


marked by a fine honeycomb-like sculpture. A number of large 
unicellular glands (frontal glands) open at the anterior extremity. 

Male genitalia. The testes number over 2,000. They are 
arranged in two narrow symmetrical lateral longitudinal bands 
situated just median to the vitellaria, and extending from 
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the anterior to the posterior extremity. Here and there these 
bands are overlapped dorsally and ventrally by a coil of the 
uterus. The breadth of each testicular band is about 0-6 mm. : 
vasa efferentia traverse each testicular band antero-posteriorly ; the 
posterior extremity of each band is continuous with a collecting 
duct, the two uniting together on the left side into a vas deferens 
which runs posteriorly and opens at the posterior extremity of thie 
worm, dilating a little in its course into a seminal vesicle. Just to 
the right of the male genital pore traces of the persisting embryonic 
hooks may be found. 

Female genitalia. he ovary has a breadth of about 3-5 mm. to 
5 mm., and is situated posteriorly: it is bilobed, butterfly-shaped, 
and consists of two wings, each wing being composed of a collection 
of tubules arranged transversely. From the posterior extremity of 
the ovary a small duct arises, which receives the secretions from the 
shell gland, and vitelline gland, near which the uterus arises. It 
opens into a vagina which pursues a direct posterior course, opening 
posteriorly a little in front of the male genital pore, and close to a 
rather prominent muscular ring. The vagina continues anterior to 
the ovary as a receptaculum seminis ; this is a comparatively large 
structure measuring 7 mm. in length and 3-5 mm. in breadth. ~The 
shell gland is a somewhat globular organ situated between the two 
wings of the ovary. | 

The vitelline glands consist of two narrow bands situated laterally, 
external to the uterus and testes, and extending almost the whole 
length of the body. From the posterior extremity of each lateral 
band a duct arises : the two ducts turn anteriorly and unite near the 
muscular ring: the common duct also runs forward anteriorly to 
open with the shell gland into the oviduct. 

The uterus arises close to the shell gland and runs in close coils 
along one margin of the worm almost to the anterior extremity (first 
ascending branch) and turns backwards and runs posteriorly to a 
point a little in front of the ovary (descending branch): it then 
turns again (second ascending branch) and running anteriorly 
opens by a small ventral pore close to the anterior extremity 
of the worm. 

The eggs measure from 100m” to about 150m in diameter: no 
filaments have hitherto been observed. 


0 
| 
4 


325 


Amphilina paragonopora Woodland, 1923 (Fig. 3 A, B, C)* 
= Gephyrolina paragonopora (Woodland, 1925) Poche, 1926, 


From the body cavity of the Szluroid fishes, Macrones aor, and 
Macrones seenghala, Rivers Ganges and Jumna, United Provinces 
and the Punjab, India. 


Fic. 3. Ampbilina paragonopora Woodland, 1923. .4.—Anterior portion of a specimen, showing 
evaginated proboscis, natural size; B.—Posterior extremity of same specimen, showing opening 
of the vagina (dorsal) at the base of the papilla and the opening of the ductus at the extremity ; 

- 9.0p.— opening of vagina; d.cj.— opening of ductus ejaculatorius, natural size; C.—Dorsal aspect 
of the general reproductive apparatus ; b.m.—boring muscle ; u.—uterus ; t.—testes: 7.g.—vitelline 
glands; 0.—ovary. x about 7. (After Woodland except lettering). 


* For permission to reproduce these figures the writer is indebted to the Editor of Parasitology. 
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The largest specimens, when alive, measured 250 mm. in length, 
5 mm. in maximum breadth, and had a thickness of about I mm. 
When preserved, they contracted to 170 mm. in length. Small 
specimens measuring I0 mm. in length and I mm. in breadth are 
common. The parasites are ribbon-like, and vary in colour from 
creamy-white to orange-yellow, usually being distinctly yellowish. 
A scolex is absent. The anterior extremity, which is either rounded 
or pointed, bears a papilla, on which numerous large unicellular 
glands open. The posterior extremity of the worm terminates in a 
well-marked semi-circular depression, in the centre of which there is a 
contractile papilla on which is situated the excretory and vaginal 
pores, also the opening of the ductus ejaculatorius. 

The general internal anatomy of the species resembles that of 
A, magna Southwell, 1915. 
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THE NEURO-PARALYTIC ACCIDENTS 
OF ANTI-RABIES TREATMENT 


BY 
G. STUART 
AND 


K. S. KRIKORIAN 


(Central Laboratories, Department of Health, Government of Palestine) 


(Received for publication 2 October, 1928) 


The recent occurrence of a case of acute disseminated myelitis 
following on treatment at the Central Anti-Rabies Institute, 
Jerusalem, has led to the publication of this enquiry into the etiology 
of a pathological condition which has, from the experimental side in 
particular, engaged the attention of the authors for several years. 


History of Case. 

Patient C.B. ; female ; unmarried ; age 28 years ; school teacher ; 
of Russian extraction but resident in Palestine four years. 

Family history : no affections of the nervous system ; no evidence 
of mental disease, paralysis or fits. 

Personal history: nothing likely to prove injurious in occupation, 
environment or mode of life. 

Previous health: no acute illness, no infectious disease throughout 
life ; no abnormality in circulatory system ; no chronic renal disease. 

Present illness :— 

July 1g. Patient scratched, not bitten, by cat. 

21. Anti-rabies treatment commenced at patient’s request ; 
patient exceedingly nervous over a period of administra- 
tion lasting only ten days—the cat having proved 
healthy ; nervousness aggravated by knowedge of 
recent cases of rabies among cats in Jerusalem, and by 
fear lest treatment should delay her marriage, arranged 
for early in August. 
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July 28. Evidence of intense local reactions, the entire abdomen 
being soon involved ; wide-spread erythematous areas 
around the sites of inoculation ; a considerable degree 
of infiltration with slight inguinal adenitis; no 
generalised exanthem, scarlatiniform or urticarial. | 

»» 31. Illness ushered in by fever (39° C.), nausea and vomiting. 

August 1. Temperature 39-3° C. ; intermittent vomiting ; retention 
of urine ; constipation relieved by purgatives. 

s 2. Severe headache, continued temperature, rapid pulse ; 
paralysis of bladder complete, catheterization necessary. 

3. Sensory and motor disturbances both inferior 
extremities ; patient able to flex knees but unable to 
raise legs from bed ; complete abolition of sensation, 
tactile, painful and thermal;  knee-jerks ++, 
abdominal reflexes absent ; Babinski’s sign not elicited. 

- 4. Insomnia ; slight weakness of left hand ; bowels regular ; 
paralysis of bladder complete. 

“ 5. Paralysis of bladder and rectum ; retention of urine and 
faeces. 

. 6. Slight movement possible in lower limbs. 

si 7. Deep tendon reflexes normal ; thermal sensibility absent 
from xiphisternum downwards. 

‘ 8. Patient able to sit up in bed. Sphincters 

9g. Temperature normal. | gradually 

,, 10,11. General improvement. recovering 

, 12. Slight girdle pains. tone. 

,, 13. Bladder and rectum normal ; patient able to get up. 


Examination of the urine failed to reveal the presence of abnormal 
constituents at any time. 

The above summary of the clinical course taken by the disease 
over the period July 31st to August 13th has been prepared from 
the notes kindly supplied by Dr. Neumann, physician to the Bikur 
Cholim Hospital, Jerusalem. 

The vaccine employed was a 2 per cent. emulsion of fixed virus 
brain, killed by the combined action over 24 hours of heat at 37° C. 
and of 1 per cent. phenol, prepared according to the method of 
Stuart and Krikorian (1925), and diluted to half with N.S.S. prior 


to use. 
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Treatment consisted of the daily administration, over ten con- 
secutive days, of 5 c.c. killed carbolised virus. Paralysis occurred 
after the tenth injection, at a time when only 0-5 gramme nerve 
substance had been introduced. It has to be observed that at the 
same time, under identical conditions, and with vaccine from the 
same batch, twelve other patients were treated without untoward 
effect, local or general. 

The extreme rarity of paralytic accidents complicating treatment 
with killed carbolised virus may be gauged from the fact that up to, 
and including the present, there are on record only five cases, which 
have occurred as under :— 


Number | ‘Total Incidence 
Institute Period of | number per 1,000 
accidents treated 
Jerusalem ... 1923-1928 | 4,580 | or218 
Lemberg ... 1925-1926 2,213 O45 
Kasauli... ‘ia we 1912-1926 
(a) Europeans ... 2 7,296 0°27 
(b) Natives... | 775548 C013 
| 


Certain Institutes, however, making use of a precisely similar 
vaccine, have treated a very large number of patients without 
accident. 


Caleutta = 11,083 Shillong = Ilong-Kong 399 
Conoor = Shanghai = 
Bombay == 11,000 Philadelphia -= 5,000 79,758 
Rangoon Baghdad = 1,840 


From these figures it will be seen that there have been five cases 
of paralyses among 171,395 bitten persons treated by killed carbolised 
virus, the incidence being thus 0-029 per I,000. 


The time appears opportune for instituting enquiry into the 
etiology of post-vaccinal paralysis, and discussion will be based on 
two separate considerations, viz., statistical, clinical and theoretical 
on the one hand, experimental on the other. 
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I. STATISTICAL, CLINICAL AND THEORETICAL 
CONSIDERATIONS 


(1) INTRODUCTION 


Shortly after the introduction of Pasteurian treatment in 1885, it 
became apparent that the protection afforded to human beings 
definitely exposed to risk of infection with rabies virus was not 
absolute, and that, despite intensification of treatment, a mortality 
rate of not less than I per cent. was unavoidable. Moreover, doubt 
soon began to be cast not only on the efficacy, but also on the safety 
of anti-rabies vaccination, for among the fatal cases which occurred 
during or after treatment, classical symptomatology—hydrophobia, 
dysphagia, respiratory distress, salivation—was often largely or 
entirely wanting, its place being taken by a paralytic condition 
characteristic of dumb rabies. The connection speedily traced 
between this hitherto* unobserved clinical picture in man and the 
paralytic form, typically present in rabbits suffering from fixed virus 
rabies, inspired the suggestion that the death of persons treated 
by intensive methods might be due, not to the bite of a rabid animal, 
but to the injections, prepared as they were from living fixed virus. 

Two protagonists of Pasteur’s method, Vulpian and Gamaleia 
(1887), however, refuted this theory from personal observations ; 
the fact that certain cases of paralytic rabies had occurred at a time 
when vaccination was non-existent or not available, established this 
form of rabies in man as a definite, if somewhat rare, pathological 
entity. The relation between treatment and paralytic rabies was 
not that of cause and effect, the essential nature of the disease being 
uninfluenced by vaccination. 

Two main types of human rabies came thus to be recognised, 
their basic classification being determined by the relative pre- 
dominance of excitability or depression. 

But differentiation between these two types, although of funda- 
mental importance, by no means affords solution to a problem 
which, since 1886, has engaged the closest attention of all workers 
in Pasteur Institutes, viz., whether Pasteurian treatment entails 


* Paralytic rabies in human beings was actually first described, in 1753, by van Swieten, but the 
observation had been forgotten (zzde Brouardel, 1897, Bulletin de I’ Académie de Médicine, p. 777). 
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danger for the patient, whether, as is generally conceded, it may 
cause varying degrees of paralysis, and whether the bitten person, 
instead of being protected against rabies, may, in consequence of 
treatment, be exposed to risk from what, in 1888, was termed by 
Peter, chief opponent of Pasteur, ‘ rage de laboratoire.’ 

Despite the conviction of Pasteur and his disciples, as to the 
harmlessness of fixed virus for man, opinion must be influenced by the 
publications of Ferran (1888), Bareggi (1889), and Franga (1910), 
whose cases illustrate death from paralytic rabies caused by the 
injections alone. 

Here, however, as in the examples of Vulpian and Gamaleia, the 
patients have suffered from true rabies, be it of the furious or paralytic 
type, and it would appear desirable, therefore, to draw clear 
distinction between such and those accidents of treatment which 
normally proceed to cure. 

So, also, paralytic manifestations occurring during anti-rabies 
treatment, but attributable to definite pathological cause, and 
subjective phenomena experienced at such a time by neuropaths and 
neurasthenics must, of necessity, be excluded from the present 
enquiry. 

The neuro-paralytic accidents, with which this paper deals, 
should obviously be limited to such paralytic symptoms as arise 
from time to time during or after a course of protective inoculations, 
and which, as will be shown later, can be traced to some component 
in the suspensions used in vaccination acting variously, in the case 
of peculiarly susceptible individuals, on peripheral nerve, bulb and 
spinal cord, 


(2) HISTORICAL 


Between 1885 and 1887, 4,836 persons had been treated in 
twenty-one institutes, without accident, but thereafter cases of 
what appeared to be purely paralytic rabies, ordinarily not ending 
fatally, as in the Bareggi series, but proceeding to cure after varying 
intervals, began to attract widespread attention. Gonzales (1888) 
recorded three such occurrences, while Laveran (1891) noted in a 
patient, eight days after the commencement of treatment, temporary 
paresis of the lower extremities. Thereafter a number of comparable 
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instances was published within short intervals of each other: 
Sabarthez (1891), Novi and Poppi (1892), Bordoni-Uffreduzzi (1893, 
1895), Ivo Novi (1894, 1897), Rendu (1897), Brault (1897), Calabrese 
(1897), and Daddi (1900) contributed independent examples. 

It would seem from the titles and contents of these articles that the 
authors mostly favoured the idea of their cases being rabies itself, 
but so modified or attenuated by treatment as to result in cure. 

Tonni (1898), however, opposed the general view, and by recording 
a case in which paralysis developed in spite of the biting animals 
being healthy, demonstrated that the cause of the ‘ paralytic 
accident ’ was the treatment administered and the treatment alone. 

The only further noteworthy suggestion advanced as to causation 
prior to the appearance of Remlinger’s memorandum in 1905, was 
that of Noordhoek Hoeght (1904), who also ascribed the occurrence 
of these disorders to treatment, incriminating cords in which putre- 
factive changes had arisen during the drying process. 


3) INCIDENCE 


(a) Frequency of Occurrence. 

An absolutely accurate determination of the degree of frequency 
of paralytic accidents has proved impossible. In former years, 
and especially during the period when Pasteurian treatment was 
being most adversely criticised on grounds of inefficiency and lack 
of safety, their non-inclusion in statistics obviated undue prominence 
being assigned to such disorders ; a similar result was obtained when, 
after the return home of patients on completion of treatment, cases 
passed unnoticed or were wrongly diagnosed—a_ circumstance 
probably as common now as then. On the other hand, among the 
records available, are obviously some cases due to infections with 
‘street ’ or ‘ fixed’ virus, and some due to other causes but included 
because their occurrence synchronised with or followed shortly after 
anti-rabies treatment. 

Present knowledge of incidence is derived from a series of records 
carefully collected and published by several observers; thus 
Remlinger (1905) described 40 cases among 107,712 persons treated, 
Babes (1912) 8 among 6,525, Simon (1913) I03 among 211,744. 
Thereafter, until the First Rabies Conference of the League of 
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Nations, in 1927, considerable additions were made by other writers 
to a number which, in that year, totalled 329 cases out of 1,164,264 
patients. Tor the period 1885-1920, Pelser (1920), for example, 
cited 200 cases, having discovered 60 additional to those compiled 
by Simon, up to IgII, and 37 more between 1912 and 1920. 

The incidence per thousand persons treated varies considerably ; 
thus, according to Remlinger, it 1s 0-37, to Babes 1-3, to Simon 0-48, 
to Pelser 0-77, to the findings of the Rabies Conference 0-28. Varia- 
tion is explained by lack of uniformity in statistical standards, but 
probably the last figure can be taken as the most reliable index, and it 
proves that a relatively rare disease is being discussed. Its rarity, 
however, cannot relegate it to a position of purely academic interest. 


(b) Influence of Age. 

Simon's statistics show g cases to have occurred among patients 
under twelve years, 55 among those over that age ; according to the 
figures of the Rabies Conference, 14 cases were noted in persons 
below fifteen, 135 in those above fifteen years of age. It is evident 
that children, who normally form at least 50 per cent. of populations 
attending anti-rabies institutes, are much less liable to paralysis than 
adults. The majority of cases are encountered between the ages of 
twenty and sixty. 


(c) Influence of Sex. 

Analysis of available records permits absolute, but not relative 
sex incidence to be estimated ; thus, according to Simon, Bardon 
(1916), Remlinger, and the Rabies Conference, males affected total 
60, 73, 32 and 179 respectively, females 10, 14, 10 and 4g. The 
relation these numbers bear to the proportion of males and females 
treated is, however, not stated and no didactic pronouncement is 
therefore possible. It would seem probable that paralytic accidents 
tend to occur more frequently among males—their naturally greater 
exposure to the risk of being bitten and consequent liability to 
treatment aside. That the relative incidence of post-treatment 
paralysis, however, among men, as compared with women, is as high 
as affections of the afferent or sensory system is not so widely 
established, although Lubinski (1926), Lubinski and Prausnitz (1926), 
and Prausnitz (1927) are strongly of this opinion. 
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(d) Influence of Race. 


Paralytic accidents appear to be more marked among Europeans 
than among indigenous races of tropical countries. It has been 
observed, for example, by van Genderen (1925) that in Java only 
two accidents took place among the native population, whilst among 
Europeans there were 19, although the number of natives 
treated was more than double the number of Europeans. Jordan 
(1927), Who has found the converse to obtain in Shanghai, seems to 
have had too few cases to permit of generalisation. 


Occupation. 

All statistics show a preponderance of cases among those engaged 
in intellectual pursuits, as compared with purely manual labourers. 
Bujwid (1927), recording the occurrence of 15 accidents at Cracow, 
between 1893 and 1910, observes that all affected were brain workers. 
Similarly, at Lemberg, of the g cases collected 6 were of the 
professional, 3 of the working class, although the number of the 
latter treated was five times greater than the number of the former. 


(f) Influence of Season, Year or Period. 

There is no evidence that season affects incidence in any way ; 
cases occur at any time during a year without apparent reference to 
month or climatic condition. 

If allowance be made for variations and modifications of 
treatment, cases seem to be no more numerous in any one year than 
in another. Generally considered, paralytic accidents are fairly 
evenly distributed year by year and month by month. 

Period, however, would appear to exercise definite effect upon 
incidence. Analysis of the statistics published by the Vienna 
Institute affords most convincing proof. 

Between the years 1894 and 1923 there were treated 14,396 
patients, of whom 39 developed paralysis (2-7 per 1,000). But 
the thirty years under review comprise two distinct periods, viz., 
pre-war and war-+-post-war. During the pre-war period, 1894-1914, 
among 7,632 persons treated, no case of paralysis occurred, but 
during the second period, 1915-1923, 39 cases were recorded from a 
total of 6,764 (5-7 per 1,000). It would, moreover, be illogical wholly 
to ascribe this incidence to the intensification of treatment practised 
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during the second period, for, with the virus at proved constant 
strength throughout, Schema I (39 c.c. over fourteen days, 3 C.c. 
containing 0-5 cm. cord), which produced no accident in the pre-war 
period, was responsible for 8 out of the total 39 paralytic disorders 
of the second period. 

During the war and the years following there was undoubtedly 
imposed on the nervous system strain of a severity beyond pre-war 
conjecture, a circumstance which may suggest a reason for the 
greater incidence among the military than among the civil population. 
Under the circumstances the continued mental and, to some extent 
perhaps, the physical over-strain characteristic of the times, might 
more reasonably be incriminated than the period qua period. 

(g) Paralysis and the Biting Animal. 

For statistical purposes, and primarily to ascertain the relative 
values of different methods of anti-rabies treatment, patients are, 
inter alia, classified according to the nature of the biting animal 
and to the risk consequently run. ive categories are now in general 
use, so that the statistics of various institutes may be made com- 
parable: .f -- animal proved to be rabid experimentally (biological 
test positive, finding of Negri bodies); 2b = animal diagnosed 
clinically as rabid ; C = animal only suspect ; D — animal healthy, 
having remained alive and well during the entire period of observation, 
having been found alive at a later date, or having had its brain 
inoculated into rabbits with negative result ; / - cases undergoing 
treatment without having been actually bitten. 

That cases of paralysis occur with almost equal frequency among 
categories 4, b, C, D, E, is proved by the statistics of Remlinger, 
Simon, Bardon and the Rabies Conference tabulated below. 


| Category | 


Origin of Statistics | | D!|E Total 
| | 
Remlinger 7 10 6 8 | 6 | 2 32 
Simon ... 25 IT 21 | 17 | to | 34 
Rabies Conference... 98 73 | 6g | 13 12 265 
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The question as to whether a person has been bitten by a rabid 
or a healthy animal or not bitten at all would also appear from 
the above not to be of importance. 

Further, a study of the occurrence of paralysis in relation to the 
date of the bite and to the date of the commencement of treatment 
undoubtedly leads to the conclusion that the one essential condition 
necessary for the production of accident is that treatment has been 
administered. lor example, the appearance of paralysis, if reckoned 
from the date of bite, presents no uniformity of incubation period, 
but, reckoned from the date of commencement of vaccination, it 
follows after a period of ‘ incubation ’ to which normally very narrow 
and definite limits can be set. 

The fact that a number of cases has been recorded in category / 
renders without significance the contention of Koch (1927), that the 
continued existence of a biting animal need not indicate its freedom 
from rabies at the time of biting. 


(h) Paralysis in relation to Method of Treatment. 

Absence of cases from certain forms of treatment should suggest 
a solution to the problem. 

Pasteur’s original method consisted of a ten days’ course, during 
which cords dried for fourteen days were exhibited at the commence- 
ment of treatment, cords dried for five days at the end. Soon 
it became evident that such treatment was unable to protect all 
cases, especially those bitten by wolf or jackal, on face or finger. 
Irom Pasteur’s conviction that even these could be saved by an 
intensification of treatment, ie., by the earlier exhibition of emulsions 
of more virulent cord, arose various modifications of the original 
method, application of which has stood frequently in definite relation 
to an increase in incidence of paralytic accidents. A brief considera- 
tion of standard methods, then, in respect of their paralysis-provoking 
properties seems indicated. 

The classical method of Pasteur as used in Paris has accounted 
for 6 cases in a total of 32,045 persons treated, or 0-18 per 
1,000. 

But intensification as secured by the inoculation of cords subjected 
to a shorter period of drying (to obviate the use of avirulent material), 
has resulted in by far the greatest number and relative percentage of 
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accidents. Thus, for example, 77 cases of paralysis followed the 
emplovment of the intensive cord methods at Breslau, Berlin, Vienna 
and Weltvreden, on 27,622 patients, or 2-8 per 1,000. Again, 
the occurrence of 25 cases at Kharkow during a single month, in 
1909, at a time when one-day-dried-cord was exhibited, led to 
the giving up of such virulent inocula and to the cessation of paralysis. 

Dilution methods, wherein ‘ attenuation ’ by drying was replaced 
by reduction of quantity injected, seemed at first less liable to 
produce paralysis. As by drying the infective agent is not rendered 
less virulent, but is quantitatively reduced by centripetal action, 
and as the content of such agent varies widely in different parts of 
brain and spinal cord, Hoegyes’ method, with its ability to effect 
constancy of dosage, appeared logical of adoption. But failures of 
treatment consequent on the small amount of living virus inoculated 
became obstrusive, and the intensified dosage demanded for serious 
cases was shortly followed by numerous accidents of a peculiarly 
grave type. That the incidence varies directly with the degree of 
intensity of treatment is well illustrated by the experiences of 
van Genderen (1925), at Weltvreden, and of Boecker (1926), at 
Berlin. 

At Weltvreden two methods have been employed at different 
periods: Pasteur’s dried cord method, 1895-1906, Hoegyes’ dilution 
method, 1906-1912. Among the total 13,396 treated, 21 cases 
of paralysis occurred, 1-56 per 1,000. 

The results may be tabulated as follows :— 


(At Weltvreden) 


Number Number of 
Method Nature of dosage treated | accidents 
Dried Cord ..., I-day-dried-cord not exhibited before the fifteenth | 
day of treatment. 704 ° 
Dried Cord ...| I-day-dried-cord given on or before the fourth day 
of treatment. 719 10 
Hoegyes’ .... Total dosage from 35-198 milligrams ‘i sen 212 ) 
Hoegyes’ .... Total dosage from 35-765 milligrams aon sen 305 ° 
Hoegyes’ ...| Total dosage from g2-1o15 milligrams... 434 | 5 
Hoegyes’ ...| Total dosage from 92-605 milligrams ; 2,421 | 4 
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In as much as, with the lighter system of treatment and with 
the better dried cords used during the first period, 1,000 mg. could 
be given without risk, the conclusion was that the injurious effect 
of the inocula could be removed by efficient drying. In regard to 
the results obtained by Hoegyes’ method, no case of the nine recorded 
had received less than 300 mg. of fresh fixed virus substance. 

The experience of the Berlin Pasteur Institute was practically 
identical in respect of the dried cord inoculations employed. During 
the period 1914-1917, when the treatment was very intensive, 
one-day-dried-cords being exhibited on the third and fourth days of 
treatment, 8 cases of paralysis occurred among 903 patients, or 
8-g per 1,000. At a time when one-day-dried-cords were not used 
before the eighth day of treatment (1915-1923), it was found that 
paralysis had dropped to 13 out of a total 4,113 treated, or 3-2 per 
1,000. Again, when nothing stronger than a three-days-dried-cord 
was employed, only 2 cases among 1,070 occurred, or I-g per 1,000. 
From these figures, also, it would seem that the more a cord is dried 
the less the risk of accident. 

Calmette’s method, in which the spinal cord after drying is cut 
into pieces I cm. to 5 cm. long, and preserved in neutral glycerine 
of 1,260 specific gravity at 20° C., is reported on most favourably 
by the majority of institutes wherein it has been adopted. Thus, at 
Tunis, Saigon, Lille and Bangkok, 30,207 persons have been treated 
without a single accident having been reported. Although experience 
at Breslau, showing 4 cases out of a total 4,746, 0-84 per 1,000, has 
not been so fortunate, the method is generally regarded as one 
tending to diminish the incidence of paralytic disorders. 

The ether virus of Alivisatos (1922) permits injection in the 
shortest possible time of relatively enormous doses of a vaccine 
reduced in virulence but little affected in respect of antigenic value. 
In the process the brain is immersed in sulphuric ether under sterile 
conditions for varying lengths of time, virulence being unaffected by 
24 to 36 hours’ exposure, weakened in from 48 to 96 hours, and 
wholly destroyed in from 120 to 140 hours. Paralytic accidents, 
however, followed the adoption of this method as originally devised, 
in which living virus was, at Novi Sad, Sarajevo, and Lisbon, to some 
extent employed. Asa result, Hempt (1925) found it expedient to 
administer a dead vaccine (brain in ether for 96 hours and thereafter 
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in 30 per cent. glycerine with the addition of 1 per cent. phenol, for 
20 days), since which modification over 6,000 patients have 
been treated at Novi Sad without accident. From this it would, 
perhaps, be reasonable to deduce that the injurious substance present 
in the inoculum which leads to paralytic accidents and which, 
therefore, precludes the exhibition of large doses of vaccine by 
methods previously considered, is ether-soluble or ether-destructible, 
and must, as a consequence, be capable of removal by easy means. 

The part probably played, however, by the I per cent. phenol 
must not be overlooked. 

Failures of treatment by ordinary methods of anti-rabies vaccina- 
tion, especially in the case of persons bitten severely by rabid wolves, 
impelled Puscariu (1898) and Babes (1908) to put on trial a heat- 
weakened virus, which would allow employment of a large immunising 
dosage. At Jassy, from 1896 to 1908, inoculations of 5 per cent. 
emulsions exposed to temperatures descending from 80° C. to 45° C. 
were administered. During that period, out of 3,300 treated, 15 
accidents, or 4:52 per 1,000, were observed. Thereafter, from 
1908 to 1913, a I per cent. brain emulsion heated to 70° C., down to 
an unheated emulsion, was employed in 3,940 cases without ill 
effect. Between 1914 and 1926 the use of a similar series of emulsions, 
from the heated at 65°C. to the unheated, produced no paralysis 
among 22,377 persons treated. Thus, so long as 5 per cent. emulsions 
heated at 80° C. constituted routine treatment, numerous cases of 
accident occurred ; with less heated and more dilute suspensions 
cases ceased. 

The inference here is, in all probability, not as Babes and Puscariu 
concluded, that heating to 80° C. liberates toxic substances which 
cause paralysis, but that the heating fer se is probably harmless 
and that the higher concentration of the weakly-heated, little- 
altered brain suspensions used during the first period may be 
the cause, just as in Hoegyes’ method increased dosage of the living 
fresh fixed virus is the cause. 

For treatment purposes virus may be carbolised to a degree 
sufficient to ensure either its weakening or its death. Of the former 
type Fermi’s process is the original, of the latter Semple’s method 
and the writers’ are representative. Fermi’s vaccine is a 5 per cent. 
suspension of Sassari virus in physiological saline solution, to which 
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I per cent. phenol has been added ; the resultant preparation is, by 
this means, rendered avirulent for subcutaneous inoculation but not 
for subdural. 

lermi (1925—personal communication) states that during the 
past ten years he has treated over 2,000 patients without any harmful 
effects, and his claims are supported by the results obtained at the 
Chicago Institute, where between 1910 and 1916, 2,532 received 
similar treatment without a single accident. In Semple’s method 
an 8 per cent. brain emulsion of fixed virus in 1 per cent. phenolised 
N.S.S. is allowed to remain in the incubator for 24 hours at 37° C. 
Death of the virus is thus secured and the suspension prior to use is 
diluted with an equal volume of physiological salt solution. The 
writers’ process is a still greater modification of Fermi’s original idea. 
Here the basic solution consists of a 2 per cent. suspension of fixed 
virus brain in a I per cent. solution of phenol in distilled water. 
This solution, in which the virus is killed by the combined 
action of phenol (1 per cent.) and heat (37° C. for 24 hours), is next 
diluted to half with N.S.S. before being bottled for despatch, as the 
policy in Palestine envisages complete decentralisation of treatment. 
The vaccine used, therefore, is a I per cent. brain emulsion in 0-5 per 
cent. carbolic solution. It is beyond question that the use of dead 
carbolised vaccines has been followed by fewest cases of paralysis. 
From the point of view of the present subject ‘the superiority of 
carbolised vaccines over all other methods, and of dead carbolised 
vaccines in particular, is undoubted’ (Remlinger). Statistics of 
ten anti-rabies institutes, wherein killed carbolised virus has been 
exclusively employed, show, up to 1927, only 4 cases of paralysis 
out of 153,117 persons treated, or 0-026 per 1,000. Moreover, in 
nine institutes, 56,978 patients vaccinated with carbolised virus 
have suffered no ill-effects. 

For the purposes of this article it seems unnecessary to consider 
the results obtained by other methods such as those of Harris, 
Cumming or Pareira da Silva; the data collected above provide 
sufficient basis for discussion. 


Individual Predisposition. 


It would appear certain that individual predisposition plays a 
very definite part in the production of post-vaccinal paralysis, 
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despite the generally expressed view that the majority of cases has 
occurred in perfectly healthy individuals. Of several persons 
submitted to precisely the same treatment only one, for example, 
develops paralysis—an expression of the ‘ genius epidemicus’ of 
Kraus. The widely different general systematic reactions, moreover, 
encountered in what seem perfectly healthy individuals subjected 
to anti-enteric vaccination or to anti-tetanic serum—Landry’s 
syndrome has followed administration of each—afford ready com- 
parison as to the varying degrees of hyper-sensitiveness or 
idiosyncrasy to the introduction of other foreign inocula. Emphasis 
has already been laid on the greater predisposition to paralytic 
accident in general of the brain worker as contrasted with the 
manual labourer, of the male relative to the female, and on the 
greater liability of the European in tropical countries than the 
indigenous populations. Further, the probable effects of alcohol, 
syphilis, the emotional temperament, neuropathic conditions, neuras- 
thenia, mental and physical overstrain, cannot be discounted. 
Evidence of the important bearing of individual idiosyncrasy or 
intolerance on the occurrence of paralysis will be adduced later in the 
experimental section, wherein it is shown that there is an absence of 
relationship between total dosage and the onset of the condition. 


(4) ETIOLOGY 


Before opinions as to etiology can be expressed, a strict definition 
of the disease under consideration is essential, and such definition 
is only possible after exclusion of such paralysis-provoking conditions 
as, by their loose and erroneous classification by many under 
‘ paralytic accidents,’ have occasioned unnecessary complication and 
unending controversy. 

That paralytic rabies may occasionally result from infection 
with street virus is indisputable ; death from this form mostly occurs 
in the case of patients grievously bitten by rabid wolves, when 
wounding has been multiple and deep. 

Again that fixed virus is innocuous for man seems no longer 
tenable. Franca’s case is a teaching example: a patient bitten 
by a healthy dog fell ill with paralysis on the fifteenth day of 
treatment at the Berlin Institute ; death supervened ; transmission 
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experiments with rabbits were successful. The evidence thus 
advanced has received full support from Prausnitz, at Breslau, and 
McKendrick, at Kasauli; both cite instances from their own 
experience which incrimate the subcutaneous inoculation of living 
fixed virus in the production of vage de laboratotre. Risk, while 
obviously slight, is yet existent. 

In the foregoing, however, the disease whether induced by 
street virus or by fixed virus is no ‘ accident,’ but is rabies itself, and, 
in so far as this article is concerned, is not under discussion. 

The symptomatology and histopathology of what is meant by 
these ‘ paralytic accidents ’ now require brief consideration. 


Symptomatology. 


So great diversity does the symptomatology of paralytic accidents 
present that it is impossible to consider it here in any detail. It may, 
however, be classified according to degree of intensity, and on this 
basis three fairly well-defined groups are separable : simple localised 
paralysis from involvement of peripheral nerves ; sub-acute forms 
of dorso-lumbar myelitis ; Landry’s acute ascending paralysis. 

With or without premonitory changes, and during or shortly 
after the administration of anti-rabies treatment, symptoms appear 
often accompanied by pyrexia. 

In practically 100 per cent. of cases, symptoms occur within 
the first thirty-five days after commencement of treatment, in about 
80 per cent. during the first three weeks. The earliest date of onset 
recorded is the fifth day in Brault’s case. No connection can be 
traced between the date of bite and the appearance of symptoms. 

In the lighter neuritic forms the clinical picture is often that of a 
monolateral or bilateral facial palsy. Cases of greater intensity 
may show, in addition to peripheral nerve affections, paresis of the 
limbs and perhaps involvement of the bladder. Other cranial 
nerves liable to be attacked are the oculo-motor, abducens, glosso- 
pharyngeal, pneumogastric, and hypoglossal. This type is 
encountered most frequently towards the end of or after treatment ; 
recovery is rapid, persistence exceptional. In more serious cases the 
paresis complained of one day has become complete paralysis the 
next ; the patient is confined to bed ; he suffers acutely from pains 
of the darting and girdle variety ; there is retention of urine and 
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faeces. After a few days, movement is restored to the lower limbs, 
the sphincters gradually recover tone, and within a month recovery 
is complete. Mortality rate is about 5 per cent. 

In the gravest cases—paralysis of the Landry type—the condition 
is ushered in by headache, pyrexia, vomiting and intense backache. 
Paresis followed by paralysis ensues, and, starting in the lower 
extremities, extends upwards to the muscles of the neck and face, 
the muscles of articulation, deglutition and respiration being finally 
involved. Soon symptoms begin to abate and disappear in inverse 
order to their appearance. Recovery is often complete in a few 
days, and, even if somewhat delayed, takes place as a rule earlier 
than the dorso-lumbar type. Mortality, however, in the Landry 
type, 1s 30 per cent. 

Avezzu (1923) from an analysis of 140 cases of paralysis due to 
treatment showed 35 per cent. to be of the Landry type, 30 per cent. 
transverse myelitis and the remainder peripheral neuritis or neuralgia. 

It has to be added that, while in the paralytic form of rabies 
in man the classical symptomatology—hydrophobia, dysphagia, 
respiratory distress, salivation, etc.—co-exists ordinarily in part or 
in whole, ‘ fear of water’ as a symptom has never been observed in 
patients suffering from paralytic accident. 

Again it is of interest and importance from the point of view of 
prognosis that, whereas the more serious types of treatment-paralysis 
occur mostly during the second week of treatment, the onset of milder 
cases is commonly delayed till towards the end of treatment or after 
its completion. 


Histopathology. 


Lesions are most frequent in the dorso-lumbar cord, although the 
cervical portion may sometimes be involved, the parts affected 
showing obvious softening. Differentiation between grey and white 
matter is no longer possible, the whole cord surface presenting a 
homogeneous greyish-pink appearance. Lesions are not confined 
to the grey matter but are more or less uniformly distributed through 
white and grey substance alike. 

Microscopically the cord shows an inflammation and degeneration 
traceable to primary vascular changes. Following upon an infiltra- 
tion of the perivascular space with lymphocytes and plasma cells, 
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occurs an extra-adventitial lesion—a rarefaction of the tissues in 
immediate contact with the vessel wall. 

Demyelination—degeneration and removal of myelin from the 
medullary sheath—is an essential feature, and this, coupled with the 
destruction and disappearance of axis cylinders resulting from 
oedematous infiltration of the nerve fibres, leads to the formation of 
clear, ‘embryonic’ perivascular zones in the white matter. At the 
periphery of such zones the ends of normal myelinated fibres are 
swollen and irregular in shape. In the case of severe lesions necrosis 
and softening may set in with coalescence of several areas. 

In the grey matter similar vascular changes take place which 
ultimately end in atrophy of the nerve cells. 

It will be at once apparent that the histological picture differs 
from that of rabies in several essentials : the absence of Negri bodies, 
the uniform distribution of lesions throughout grey and white matter 
alike, and the occurrence of the majority of the lesions in the dorso- 
lumbar cord. 

It remains to observe, however, that the extra-adventitial 
lesion—the perivascular demyelination—although the characteristic 
lesion of paralytic accidents, sensu restricto, is unfortunately non- 
specific. Precisely similar histological changes have been observed 
in measles by Barlow (1887), in small-pox by Eichorst (1913), and in 
post-vaccinal myelitis by Perdrau (1928), and such changes are those 
also of a sub-acute disseminated sclerosis. 

Paralytic rabies, whether of fixed virus or of street virus origin, 
has thus been excluded from the discussion, and on grounds of 
symptomatology and histopathology has been differentiated from 
paralytic accident. 

‘ Paralytic accident’ may now be restricted to those nervous 
disorders occurring during or after Pasteurian treatment and which 
are inseparably linked with its administration. Such ‘ accidents,’ 
varying greatly in degree of severity but in the majority of cases 
ending in recovery, must therefore be ascribed to the treatment 
itself and owe their origin to the action on cord, bulb or peripheral 
nerve of some component in the vaccine employed. The definition, 
however, can only be completed on determination of the true 
etiological factor: theories of causation will, therefore, now be 
considered, 
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(5) VIEWS AS TO CAUSATION 


(a) Subjective phenomena, psychic or hysterical in origin and nature. 

Among neurotic patients exposed to risk of infection the 
commonest complaint is difficulty of swallowing, vague reference 
being made in many cases to malaise dating from the day of b'te 
or from the commencement of treatment. The symptomatology is 
certainly that of a neurosis induced by fear, and bears no resemblance 
to the very definite objective signs encountered in true cases of 
paralysis. In paralytic accidents the frequent occurrence, for 
example, of bladder and rectal symptoms should once and for all 
exclude a psychic or hysterical origin. It is, therefore, unfortunate 
that despite such obvious distinctions, an attempt has been made to 
establish a uniform etiology for two so widely divergent conditions as 
neurosis arising from fear and neuro-paralytic accidents ; according 
to this conception, moreover, subjective sensations are to be regarded 
as etiologically identical with objective signs of disease, the former 
being a transition stage between patients wholly unaffected by 
treatment and those showing definite paralysis. 


(b) Street Virus infection modified or cured by Fixed Virus Inoculation. 

Just as paralytic rabies, in which the symptomatology of classical 
rabies is combined to a greater or less degree with that of the dumb 
or paralytic form, was originally held to be a result of the concerted 
action of street virus -+ fixed virus, each asserting its specific effect, 
so paralytic accidents were regarded by many as street virus rabies 
modified or cured by the protective inoculation of fixed virus. The 
titles of articles published between 1891 and Igo0, by Laveran, 
Sabarthez, Novi and Poppi, Bordoni-Uffreduzzi, Ivo Novi, and Daddi, 
testify to the popularity of an explanation, to which Pasteur whole- 
heartedly subscribed. To-day, J. Koch, chief supporter of this view, 
maintains his attitude largely as a result of his own experimental 
work. Koch’s main argument rests on results obtained from his 
inoculation of four dogs with street virus: one only contracted 
typical rabies, while three developed in the hind extremities a 
paralysis which gradually subsided. It is, however, generally 
accepted that such paralysis and recovery have been observed only 
after artificial infection with street virus ; animals developing rabies 
after natural infection have never been known to recover. The 
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argument favourable to this explanation is thus weakened if not 
quite invalidated, but there are many other reasons to be advanced 
against the acceptance of the theory. 

The suggested metamorphosis by Pasteurian treatment of the 
furious rabies of the biting animal into a dumb, paralytic, weakened 
or attenuated form of the disease lacks all scientific proof. Moreover, 
in the experience of Gamaleia and Remlinger, paralytic rabies, 
usually consequent on severe wolf bites, is by no means an 
‘attenuated ’ or ‘ weakened form,’ but one due to infection with an 
exalted virus. That paralytic rabies arising during treatment may 
readily be mistaken for fatally-ending paralytic accidents induced 
by the treatment itself, however, cannot be denied. 

It is impossible for paralytic accidents to be modified or abortive 
forms of street virus infection, as it has already been shown that a very 
considerable number of cases has occurred among patients bitten 
by dogs proved to be healthy, and even among those not bitten at all. 

Again, the onset of paralysis bears a very definite relation to the 
date of commencement of treatment, but not to the date of bite. 


When the two dates coincide, the ‘incubation period’ is, in the 


great majority of cases, too short for rabies—from the sixth to the 
twentieth day after the first injection—and this shortness of ‘ incuba- 
tion’ argues strongly against the condition being an ‘ abortive ’ 
form of rabies. 

Further, whereas the time elapsing between the day of bite and 
the appearance of symptoms is, in rabies, largely governed by the 
position, size and severity of the wound, no parallel can be drawn in 
the case of paralytic accidents, which, if treatment has been 
administered, occur as readily and in as short a time after slight 
wounds of the extremities as after grave wounds of the head or face. 

Clinically, although convulsions, delirium, salivation and, in the 
Landry type, symptoms of bulbar involvement have been observed, 
hydrophobia has never been recorded in paralytic accidents. In the 
preponderance of cases, moreover, the condition ends in complete 
recovery. 

Finally, in the fatally-ending case the pathological picture is 
quite different from that of true rabies ; it 1s a complete myelitis 
in which the white and grey matter are both extensively affected. 

To recapitulate: the short interval before symptoms appear, 
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the majority of cases proceeding to cure, the pathological changes 
in those dead of paralysis, the relation of onset to date of commence- 
ment of treatment and not to date of bite, the lack of relation of 
onset to position, size and severity of wounding, the absence of fear 
of water in all cases recorded, the occurrence of the condition among 
neurotics rather than among those with a healthy nervous system, its 
occurrence in persons treated but not exposed to risk of infection—all 
argue against the connection of paralytic accident with street virus 
and for its connection with the protective inoculations alone. 

If, then, (a) and (b) can be excluded, the etiological factor must 
be sought in the vaccine itself. 


(c) Fixed Virus in the protective inoculations as the cause. 


Fixed virus as a possible cause of rabies in man has already been 
considered, but can Pasteurian treatment account for paralytic 
accidents by reason of the fixed virus contained in the protective 
inoculations 

Various arguments have been advanced in favour of thts 
hypothesis: thus, the frequency of paralyses is held to be directly 
proportional to the intensity of treatment, Papamarku’s statistics 
for the Berlin Institute being frequently quoted as evidence, viz., 
light treatment with no accident, mild treatment I, intensive treat- 
ment 8-1, very intensive I2 per 1,000 (1918). 

Again, the onset depends, as seen in (db), not on the time of 
bite, but on the date of commencement of treatment, and the ‘ incuba- 
tion’ period is that of fixed virus, not of street virus. Further, 
treated persons may develop paralysis when bitten by healthy 
dogs and even when not bitten at all. 

Apart from the fact that such arguments do not, in the main, 
incriminate fixed virus any more than its, for practical purposes, 
inseparable vehicle brain substance, the importance of the ‘ incuba- 
tion’ period would appear to have been overlooked ; the onset of 
paralysis occurs ordinarily at too short an interval after the beginning 
of treatment to justify fixed virus being assigned as cause. 

Now, whereas fixed virus is essentially a virus highly exalted 
for the rabbit as a result of repeated passage, it is correspondingly 
reduced to a practically negligible pathogenicity for man. But in 
many recorded instances the cord used in treatment up to the onset 
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of paralytic symptoms had been subjected to such a degree of drying 
as to be rendered avirulent for the rabbit on subdural inoculation— 
cords are avirulent after the sixth day of desiccation. It is surely 
illogical, therefore, to suggest that such a virus could be capable of 
producing on subcutaneous injection even an ‘ attenuated’ form of 
rabies in man. Brault’s case, in which dorso-lumbar myelitis with 
bladder and rectal symptoms appeared on the fifth day of treatment 
and at a time when the strongest vaccine employed was only a 
five-days’-dried-cord, is an excellent argument against this hypothesis. 

That treated persons bitten by healthy animals or not bitten 
at all may develop paralysis is no argument in favour of fixed virus 
being the etiological factor ; such accidents are also reported by 
institutes, in which the fixed virus in routine use has been killed 
by physical or chemical agencies. 

Finally, taken in conjunction with the foregoing, the benign 
character and curability of the majority of accidents point not to 
fixed virus but to the protective inoculation as the determining factor 
of paralysis. 

In the experimental part of this article it will be shown that the 
ability to produce paralyses by inoculation with normal brain 
substance proves their independence of both fixed and street virus. 
(d) The effect of a rabies toxin. 

In the majority of paralytic accidents the sudden onset, rapid 
general invasion, early constitutional symptoms and complete 
restoration to health present a clinical picture indistinguishable 
from that following the effects of toxin absorption. It is not 
surprising, therefore, that a rabies toxin has been regarded as causa 
causans by many, including Babes, Sabarthez, Puscariu and, at one 
time, ‘for want of a better opinion,’ Remlinger. Babes bases his 
belief largely on the result of animal experiment : with filtrates from 
brain and cord of rabid animals toxic effects could be produced in 
rabbits, but with filtrates from normal nerve substance no such 
effect was obtained. In the existence of rabies toxin, moreover, 
is to be found, according to Babes, adequate explanation of paralysis 
following treatment with dead virus. 

A. C. Marie (1902), however, was unable to confirm Babes’ 
findings ; in his experience filtrates from normal nerve substance 
produced on rabbits toxic effects identical with those from rabid 
cords and _ brains. 
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In Puscariu’s opinion the responsible factor is an ‘ endotoxin ’ 
which is liberated from fixed virus emulsions in a quantity propor- 
tional to their concentration and to the degree of heat to which they 
have been subjected. 

According to this conception, the application of heat at 80° C., for 
fifteen minutes, to emulsions of fixed virus in a concentration of 5 per 
cent. and over has the power, through destruction of the rabies 
organisms, to liberate therefrom an ‘ endotoxin’ unaffected by the 
temperature and capable of causing paralytic symptoms. Thus, at 
Jassy, during 1896-1908, employment of such a vaccine ranging 
from 80° C, (first dose) to 45° C. (last dose), resulted in 15 accidents 
out of a total 3,300 treated, or 4-5 per 1,000. 

Again, from concentrations of I per cent. heated to a maximum 
of 65°C., toxin could not be liberated in sufficient quantity to 
cause accident, and this is illustrated from the statistics of Jassy’s 
second period (1908-1913), when with omission of emulsions heated 
to 80° C., 75°C. and 70° C., and with the use of vaccine of I per 
cent. strength heated from 65° C. downwards, no accident occurred 
among 3,940 patients. 

A simple explanation of the occurrence of paralysis in the first 
period and not in the second is to be found, however, not in a hypo- 
thetical paralysis-provoking ‘ endotoxin ’ liberated by extra heating, 
but in the greater concentration of weakly-heated suspensions 
employed in the first period as compared with the second—a quanti- 
tative difference in the proportion of 5: I. 

It has now to be emphasised that the very existence of a rabies 
toxin has not been proved; it has not been possible to isolate 
either the causal agent of rabies or its toxin in pure state; in all 
experiments carried out and in all forms of treatment, inoculation 
of nerve substance has occurred ; it cannot be decided, therefore, on 
these grounds, which of the two factors is actually responsible for the 
paralytic effects produced. 

Whatever arguments can be advanced in favour of a rabies toxin 
etiology apply equally to the query toxic or deleterious action of the 
nerve substance necessarily introduced during protective inoculation. 

Further, if paralytic accidents owe their origin to the presence 
of a rabies toxin in the protective inoculations, it will be found 
impossible to explain why, after the development of an accident, 
continuation of treatment does not intensify, and stoppage diminish 
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paralytic symptoms, and why accidents are so infrequent—all 
considerations of predisposition and individual intolerance aside. 

It is the considered opinion of Marie, McKendrick and Fermi, as 
a result of independent research, that there is no experimental proof 
of the existence of a specific rabies toxin or poison apart from the 
toxins or poisons contained in the normal nerve tissue. But the 
final argument against a rabies toxin seems to lie in the ability to 
produce in experimental animals typical paralytic accidents of 
treatment by means of the inoculation of fresh normal nerve 
substance—a condition of affairs which must foreclose any discussion 
as to the part played by street virus, fixed virus or a rabies toxin in 
the etiology of the disease. 

Proof of such production will be found in the experimental section 
of this article. 


(e) Ferment or Enzyme Action. 

The possibility of a rdle played by ferments or enzymes liberated 
into the inocula at some stage or other during the preparation of 
brain and cord for treatment purposes naturally suggests itself. It 
will be realised, however, that the various modifications of Pasteurian 
treatment, especially those in which, to secure intensity of dosage 
and early immunising response, physical and chemical agencies are 
employed, scarcely afford that specifically suitable reaction upon 
which development of such activity is entirely dependent. 

Whether paralytic accidents may be brought about by the 
appearance in treated persons’ blood serum of anti-nerve defensive 
ferments has recently received much attention. It has been shown, 
for example, by means of the Abderhalden reaction, that, while 
prior to treatment normal human blood contains no specific ferments 
for rabbits’ nerve substance, such ferments develop in about a week’s 
time after the commencement of protective inoculations and disappear 
in the course of a fortnight or three weeks. 

This theory of defensive ferments as etiological factor offers an 
undoubtedly attractive solution and, caeteris paribus, might be 
made to apply to a considerable number of cases. Its value, however, 
would appear to be negatived by experiments carried out by the 
present authors, who have produced typical paralytic accidents in 
rabbits by the inoculation not only of heterologous, but of homologous 
nerve substance (vide experimental section). 
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Accidental bacterial infection during treatment. 

As already observed, this suggestion was first put forward in 
1904, by Noorhoek Hoeght, who ascribed the condition to the use 
of cords in which putrefactive changes had arisen during the drying 
process. Occurrence of paralyses irrespective of climate or season, 
and absence of marked local reactions at the site of injection were 
adverse criticisms of this view. But various arguments definitely 
negative bacterial infections as cause; cases of paralysis are too 
infrequent, and do not occur, as might be expected, in series ; thus, 
for example, only one patient of those treated under identical condi- 
tions with the same emulsions and at the same time develops 
paralysis ; again, cases follow the administration of brain and cord 
suspensions rendered bacteriologically sterile by physical or chemical 
means. Moreover, the mortality rate of an infective myelitis is 
high, that of paralytic accident relatively low; finally, cords ot 
patients dead of paralysis of treatment are invariably found to be 
sterile on autopsy. 


(g) That the accidents are anaphylactic in character. 


Popular at a time when the solution of every therapeutic mystery 
was sought in that still little-understood phenomenon, anaphylaxis, 
this theory to-day has few supporters. 

On clinical grounds alone the suggestion can be repudiated, and 
the unequivocal statement of Koritschoner and Schweinburg (1925) 
is representative of the bulk of present opinion, viz., ‘ Kein einziges 
Moment im Bild der Krankheit fiir diese Annahme spricht.’ In 
addition, however, the theory is rendered untenable by the fact that 
under even the most favourable conditions for its production, 
anaphylaxis complicating Pasteurian treatment has not yet been 
observed to occur. Thus while it has been and still is the policy of 
many anti-rabies institutes to administer a second course of injections 
in from two to four weeks following completion of the first, and 
while many patients have been subjected to full treatment on more 
than one occasion and at varying intervals of time, there has been 
no case of anaphylaxis recorded. 

Remlinger (1907) doubts even whether nerve substance can be 
included in the category of anaphylactic poisons, but in the experi- 
mental section of this paper it will be seen (Table I) that anaphylaxis 
has been successfully produced in rabbits by appropriate means. 
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Moreover, it is very generally conceded that although paralysis of 
treatment has no connection with anaphylaxis, the ‘ local ’ reactions 
occasionally occurring about the end of the first week round the site 
of the injections are anaphylactic phenomena due to the repeated 
inoculation of a foreign protein, phenomena varying in degree 
from slight localised erythema to extensive infiltrations and 
generalised scarlatiniform rashes, but all allergic reactions of the skin. 
In such cases liability to reaction is in direct proportion to the total 
quantity of unaltered protein inoculated. 


(h) Lhe effect of a Neurotropic Virus. 

Primarily this view suggests that in addition to the fixed virus 
contained in anti-rabies injections there is accidentally introduced 
into the human organism, along with the nervous substance, another 
independent virus as yet unknown, but filtrable and neurotropic in 
character. If such neurotropic virus be regarded as specific, the 
occurrence among rabbits of an infective myelitis must be pre- 
supposed, the causal agent of disease being a virus, capable of 
existence in the nervous system of healthy rabbits, and of trans- 
mission to man if such ‘ carriers ’ should be employed in the prepara- 
tion of anti-rabies vaccines. Calmette’s hypothesis at the Rabies 
Conference states the position of certain observers: ‘ Perhaps 
paralysis will one day be ascribed to “ passage ’”’ rabbits, infected 
simultaneously with fixed virus rabies and with another neurotropic 
ultra-virus, similar in type to that causing herpetic encephalitis.’ 
The inoculations by reason of this contained virus might determine 
causation and certain of the arguments for and against a fixed virus 
etiology can equally well be advanced in respect of this theory 
of origin, the two kinds of virus concerned being most probably 
closely akin. According to this conception the incidence of paralysis 
would, in large measure, depend on the total quantity of 
unaltered neurotropic virus introduced, accidents being more 
numerous in institutes where intensive methods were employed. 
But if such a virus could definitely be incriminated, its destruction 
would obviously effect complete cessation of accidents; it has 
already been proved, however, that destruction of rabies virus by 
desiccation, heating, phenol, ether, etc., has been unable to prevent 
the onset of paralysis ; it is improbable, therefore, that the destruc- 
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tion of a virus so closely allied could be followed by a more satisfactory 
result. Thus, quite apart from the fact that the hypothesis lacks all 
experimental confirmation, from an inability to effect sub-passage, 
it would seem that responsibility for paralysis must once more be 
assigned, not to any fixed or neurotropic virus, but to the inseparable 
vehicle of Pasteurian treatment—the nervous substance of the inocula. 

The existence of a non-specific neurotropic virus, is, however, 
claimed by other workers. It has already been seen that the essential 
and characteristic lesion of post-treatment paralysis is indistinguish- 
able from and probably identical with that of the acute disseminated 
sclerosis occasionally found complicating small-pox, measles, and 
certain infectious diseases of the nervous system such as anterior 
poliomyelitis or encephalitis lethargica, and present invariably in 
the condition known as post-vaccinal encephalitis and myelitis. The 
lesion, a perivascular demyelination around certain vessels only, 
appears to point to the selective action of a living virus deposited on 
the walls of certain vessels, while this localisation argues against 
the possibility of toxin or ferment action. Its occurrence in so 
many conditions has naturally suggested a common etiology, 
especially in view of the fact that ‘the one feature common to all 
these cases is that the nervous disorder follows after the entry of a 
virus, known or unknown, into the organism’ (Perdrau). 

The histological identity, then, of the lesions encountered in the 
nervous disorders complicating measles, small-pox, and_ other 
infectious diseases, in poliomyelitis, post-vaccinal encephalitis and 
in the paralysis of anti-rabies treatment suggests, according to this 
view, that the virus or agent, living or dead, responsible for the 
unusual type of lesion—a localised demyelination—common to 
these diseases may be one and the same for all. But, for example, 
in the case described at the commencement of this article there was no 
record of any former acute illness of infective origin, to which the 
cause of the disseminated myelitis could possibly be assigned. This 
completely invalidates any theory of ‘ double or combined ’ infection 
(Bastaanse et al., 1925)—a theory according to which an explanation 
of such post-vaccinal paralysis is sought in the activation of an 
unknown latent virus by that of the vaccine itself. 
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(1) Genius epidemicus. 


Rosenau (1927) makes the following observation: ‘It is 
disconcerting to note the growing prevalence of various kinds of 
infections which expend their energy on the central nervous system. 
As the common communicable diseases are being controlled, infections 
of the brain, spinal cord and nerves are growing. This increase 
is probably real, for it is not likely that these diseases are simply 
being uncovered. Certainly there has been a great increase in the 
amount of infantile paralysis ; disseminated sclerosis is prevalent ; 
the spread in the amount of encephalitis is alarming.’ Increase of 
infections of the central nervous system such as encephalitis lethargica, 
poliomyelitis, post-vaccinal encephalitis and myelitis has undoubtedly 
occurred during recent years. Kraus (1927), arguing in favour of a 
common etiological factor, suggests a ‘ genius epidemicus’ which 
might also explain the paralysis of anti-rabies treatment. This 
‘genius epidemicus ’ of Kraus is the ‘ genie épidémique neurotrope ' 
of Remlinger. The suggestion, however, requires little consideration ; 
although, admittedly, infectious diseases of the nervous system 
have been for several years on the increase, there is no corresponding 
upward curve in respect of the paralysis now under review. Neuro- 
paralytic accidents of Pasteurian treatment are to-day certainly 
no more prevalent than they were twenty years ago, when infectious 
diseases of the nervous system had not become obtrusive. 


(7) Paralytic Accidents ; the effect of Normal Nerve Substance introduced. 


The possibility of paralytic accidents being produced by the 
subcutaneous injection of normal nerve substance itself had been 
suggested independently, although tentatively, by Remlinger (1905) 
and Miiller (1908), but their opinions were based on purely theoretical 
considerations: thus Miiller: ‘ Eine weitere Méglichkeit hat man 
aber bisher gar nicht beriicksichtight, nahmlich die Tatsache, dass 
bei der iiblichen Pasteurschen Impfung nicht unerhebliche Mengen 
artfremder . . . . Riickenmarksubstanz dem menschlichen K6rper 
subkutan einverleibt werden.’ 

The experimental work, however, of Centanni (1898) and Aujeszky 
(1900) had already paved the way for the suggestion, while that 
of Remlinger (1919) and Schweinburg (1924) made the possibility a 
certainty. The various experiments carried out show clearly the 
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deleterious action of normal nerve substance if repeatedly injected. 
Thus, following on its administration, Centanni noted a gradual 
wasting in rabbits, Aujeszky wasting, convulsions and paralysis in 
dogs, Remlinger one case of flaccid paralysis of the hind legs, with 
bladder symptoms out of roo rabbits inoculated. These findings 
were wholly at variance with those of Babes who, partly from 
therapeutic experiments on the human body and partly from experi- 
mental work on animals, had considered normal nerve substance 
to be innocuous. 

The results of Schweinburg’s work, however, published in 1924, 
served to substantiate opinion as to the deleterious nature of normal 
nerve substance and largely to disprove Babes’ conclusion. Arguing 
that if normal nerve substance or nerve substance altered by desicca- 
tion or heat, but derived from healthy animals, can cause paralysis 
on prophylactic inoculation, Koritschoner and Schweinburg reasoned 
that it should be possible occasionally to produce these accidents by 
repeated injections of experimental animals with such nerve 
substance. To rabbits, therefore, was administered a varying dosage 
of normal human spinal cord of proved sterility by means of injections 
over fourteen consecutive days; a creditable imitation of certain 
recognised methods of treatment was thus achieved. 

The results have been tabulated by the present authors, calcula- 
tions being based on data available in the original work. It has to be 
emphasised, however, that conditions during the performance of the 
work were admittedly bad, and that the extraordinarily high 
incidence of paralysis is viewed with considerable scepticism by many. 


Number | Number Percentage Dosage administered 
Method employed of of of _ per kilo. body weight 
_ rabbits | accidents | incidence cases of paralysis 
| | | grammes 
Pasteur Schema I 36 7 | 0°34-0°47 
Fresh Cord 10 2 20 0°07-0'°18 
Cord dried 8 days ise iin 8 | 3 | 37°5 O'IT-O'24 
Cord dried 14 days 8 I | 12°5 0°05 
Babes-Puscariu... 8 2 25 I-O'47 


Cord heated to 80°C. ... es 8 | I | 12°5 | 0°48 
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The conclusions reached, allowance being made for paucity of 
numbers, was that the subcutaneous injection of normal nerve 
substance over fourteen days, according to the methods of Pasteur 
and Babes-Puscariu, could sometimes evoke in rabbits symptoms 
which, in respect of incubation, clinical course and_ histological 
findings, correspond exactly with the _ post-vaccinal paralysis 
occurring in human beings after anti-rabies treatment. With 
Hoegye’s method, however, in a dosage not exceeding one-fifth that 
of the other schemes, no case of paralysis was observed among 
56 rabbits treated, and similarly there was no accident among 
18 injected with homologous nerve substance. The various 
findings led Koritschoner and Schweinburg to the further conclusion 
that, as length of drying and degree of heating had no effect in the 
prevention of paralysis, accidents of treatment were a function of the 
total quantity of heterologous nerve substance administered. This 
second conclusion is, however, disproved by us in the experimental 
section, where it will be seen that accident may follow inoculations 
with homologous nerve substance and that in no reference to total 
quantity. 

The cyto-toxin theory—that paralyses are due to a poison in 
normal nerve substance—has many supporters, with whom we have 
already identified ourselves. It is, however, a matter for speculation 
whether the whole or only a part of the nerve substance 1s concerned. 
Koritschoner and Schweinburg, for instance, incriminate the fats 
and lipoids ; reasoning from the fact that, by Alivisatos’ method, the 
quantity of nerve substance capable of being introduced without 
risk was apparently five times that administered in accordance with 
Pasteur’s Schema I, they concluded that the action of sulphuric 
ether over a period of seventy-two hours was to free the inoculum 
from its deleterious component, together with the fats and lipoids— 
themselves probably responsible factors. To ascribe causation, 
however, solely to the presence in nervous tissue of an ether— 
destructible or ether-soluble substance is impossible, for, since the 
formulation of this opinion, there have occurred several cases of 
paralysis following treatment by Alivisatos’ method. 

Again, in the action of the protein constituent of nerve substance, a 
solution may ultimately be found, but up to the present absolute 
proof is wanting, since, no matter what modifications of Pasteurian 
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treatment have been employed, no matter to what degree thereby 
protein must have been altered, whether by chemical or physical 
means, accidents have surely followed, although rarely. 

In this connection Remlinger (1927), in summing up his review 
in regard to a cyto-toxin causation, says ‘ One can only subscribe 
to the conclusions of Stuart and Krikorian, Jerusalem, that if 
paralytic accidents are, in fact, due to the introduction of an excessive 
amount of foreign nerve protein during the course of anti-rabies 
treatment, carbolic acid must be able to change the nature of (i.e., 
denature) nerve protein.’ 

From the above it will be seen that, although undoubtedly the 
nerve substance of the inoculations is primarily responsible, its 
paralysis-provoking constituent has not yet, with certainty, been 
determined. 


SUMMARY 


1. It has been found unnecessary to seek an explanation of 
the occurrence of the paralytic accidents Of anti-rabies treatment 
in subjective phenomena, fixed virus, street virus, street virus 
modified by treatment, rabies toxin, enzyme or ferment action, 
accidental bacterial infection, anaphylaxis, neurotropic virus or 
in the fanciful ‘ genius epidemicus.’ 

2. It has been shown that the cause of paralytic accidents lies 
in the injections themselves, and more specifically in some component 
of the nerve substance necessarily introduced during the process of 
immunisation. 

3. Incidence of paralytic accidents has been reduced to a 
practically negligible figure by recourse to various expedients in the 
preparation of protective inoculations :— 

(a) Adequate drying (ordinary Pasteurian methods). 

(6) Reduced concentration (Hoegyes’ and _ Babes-Puscariu 
methods). 

(c) Preservation of cords in neutral glycerine prior to use 
(Calmette’s method). 

(d) Exposure to sulphuric ether (Alivisatos’ method). 

(e) Exposure to carbolic acid (Fermi’s method). 

(f) Exposure to combined action of phenol and heat (Semple’s 
and the writers’ methods), 


Pe 
‘3 
} 
| 
© 


358 


4. Safety can be achieved by the administration either of 
emulsions of unaltered nerve substance in low concentration and 
dosage or of emulsions of nerve substance previously subjected to the 
action of phenol, ether, glycerine or desiccation, which permits the 
exhibition of relatively large dosage. 

5. The occurrence of paralytic accidents depends essentially 
not on the total quantity, but on the quality of the nerve substance 
introduced. 

6. The extraordinary importance of individual predisposition, 
i.e., relative intolerance to foreign inocula, cannot be overlooked. 


CONCLUSION 


In the basic nerve substance of all anti-rabies vaccines there 
seems to exist some deleterious component which, although adversely 
affected by various physical and chemical agencies, is still capable 
in peculiarly susceptible individuals of producing neuro-paralytic 
disorders. 


II. EXPERIMENTAL CONSIDERATIONS 


At the Rabies Conference, McKendrick urged the adoption of 
anaphylaxis as a Satisfactory explanation for the occurrence of 
paralytic accidents. Remlinger, however, opposed this view basing 
his argument partly on animal experiment and partly on thera- 
peutic results. Having found that the use of nerve substance in 
the treatment of neurasthenics, the administration of a second 
series of Pasteurian injections some time after completion of the 
first, interrupted treatment and treatment several times repeated 
on account of successive bitings were followed by no post-treatment 
paralysis, just as prolonged treatment in dogs was unattended by 
any ill-effects. Remlinger not only refuted anaphylaxis as cause, 
but claimed that nerve substance could not be included in the 
category of anaphylactic poisons. 

To determine, therefore, whether anaphylaxis can be produced 
by the injection of foreign (heterologous) nerve substance, and 
whether the resultant condition is in any way comparable with the 
neuro-paralytic disorders of treatment, the following experiment 
was devised : 


Tl; 


j 
J 
t 
in 
ré 
| sh 
3 | SS 
in 
ta 
| 4 
| 


359 
EXPERIMENT No. | 


Nine rabbits were inoculated with a 5 per cent. emulsion of 
jackal’s fresh brain in N.S.S. 

Three animals in each Series I, II and III, received 1-5 c.c., 
3 ¢.c., and 7-5 c.c. respectively, as sensitising dose. Ten days later 
into these rabbits were injected emulsions in a dosage identical with 
that administered on the first occasion, one rabbit in each of the 
first five series being given the second dose intravenously, the others 
subcutaneously. 

The results are thus summarised :— 


Tasre I. 


Heterologous Nerve Protein as Anaphylactogen. 


Series Rabbit Sensitising inoculum Test inoculum | Result 
after ro days 
I | I 15 c.c. of a 5 per cent. emulsion | 1°5 c.c. subcutaneously | Lived 
of jackal’s brain subcutaneously 
2 c.c. ” | ” 
3 1.5 ¢.c. intravenously | ” 
Il I 3.c.c. of a5 percent. emulsion of | 3.¢.c. subcutaneously Lived 
jackal’s brain subcutaneously | 
2 
| 
3 3 ¢.c. intravenously | Died 2 hours 
| after injection 
| | 
Ill I 7°5 c.c. of a 5 per cent. emulsion | c.c. subcutaneously | Lived 
ot jackal’s brain subcutaneously | 
2 | ce. | Died 2 hours 
| after injection 
3 | Lived 


It will be noted that the rabbit given the second dose intravenously 
in Series II, and one given it subcutaneously in Series III, died as a 
result, and that death occurred within two hours of the inoculation. 

The post-mortem examination revealed in both rabbits a dilated 
right heart with a blood clot filling the right auricle; the cord 
showed nothing abnormal on_ histological investigation; the 
symptoms and suddenness of death indicated anaphylactic shock. 

It follows, therefore, that injections of foreign nerve substance 
in large quantity can cause anaphylaxis in rabbits, but there appears 
to be no relation whatever between such and post-vaccinal paralysis 
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when judged by clinical manifestations and post-mortem findings. 
Whereas in anaphylaxis death is sudden and brought about by 
circulatory embarrassment, in paralytic accidents the symptoms are 
less acute and due to involvement of the central nervous system. 

The identity of paralytic accidents with anaphylaxis having 
thus been disproved, it remains to determine, if possible, some 
cause responsible for their occurrence. 

McKendrick considers that a definite relation exists between 
the occurrence of paralytic accidents and the total quantity of 
foreign nerve substance injected during the course of treatment. 

Harvey and Acton (1923) assert that whether carbolised normal 
brain or carbolised fixed virus brain is used, 1f given in sufficiently 
large a dosage, they can set up a paraplegia in rabbits (neuro- 
paralytic accident). These authors base their conclusions on 
results obtained in an experiment they carried out on twenty rabbits : 
ten rabbits were treated with a 4 per cent. carbolised fixed virus 
and ten with a 4 per cent. carbolised normal brain suspension, each 
animal receiving a total of 40 c.c. in the course of twenty-four days. 
Three rabbits in the series treated with fixed virus, and four in the 
normal brain series died suddenly from cardiac thrombosis. At a 
later date, however, three of the fixed virus series, and three of 
the normal brain series showed commencing wasting of the muscles 
of the hind limbs, followed by paraplegia and finally complete 
paralysis. 

Attention was, therefore, drawn to the necessity, whatever the 
immunising process employed, of being careful not to inject too 
large quantities of foreign nerve material. 

Koritschoner and Schweinburg (1925), as a result of experimental 
work, tabulated in the first section of this article, affirm that the 
occurrence of paralysis is governed exclusively by the total mass of 
nerve substance injected. 

Cornwall and Beer (1926), mainly from a review of the preceding 
writers’ work, but partly as a result of their own inoculation of 
rabbits with a dosage of carbolised monkey’s brain, varying from 
Ir to 800 milligrams per kilo. body weight, concluded that the 
action of phenol ‘ renders the nerve substance slightly less toxic.’ 
The necessary controls, however, to permit of this pronouncement 
do not appear to have been carried out, viz., the inoculation, for 
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sake of comparison, of a second series of rabbits with brain untreated 
with carbolic acid. 

The present authors’ experiments, performed in some measure 
to test the accuracy of these various assertions, have led to opinions 
at variance with those expressed above, both in regard to the stress 
laid upon the total quantity of nerve tissue injected and upon the 
occurrence of paralysis, no matter whether the nerve substance has 
been administered in physiological saline solution or after previous 
treatment with phenol. 

Four different types of inocula have been prepared and 
administered to rabbits and rats, viz., emulsions of normal and of 
fixed virus brains in N.S.S., and in N.S.S. with 1 per cent. phenol 
added ; homologous and heterologous brain tissues have both 
been employed, but results are unable to confirm the views of 
McKendrick and Schweinburg that the cause of paralysis hes in 
the quantity of nerve substance injected, the findings of Harvey and 
Acton, that carbolised brain matter can, with certainty, produce 
neuro-paralytic accidents, or even the opinion of Cornwall and Beer, 
that phenol only slightly reduces the toxicity of nerve substance. 


EXPERIMENT No. II 


Six rabbits were each inoculated on fourteen consecutive days, 
with a daily dosage of 5 c.c. of a 2 per cent. fixed virus brain in I per 
cent. phenol; six other rabbits received an equal daily dosage over 
seven days (Table II, Series land II). By this means 580 milligrams 
per kilo. body weight were administered to Series I, 280 milligrams 
per kilo. body weight to Series II. No case of paralysis occurred, no 
ill effects were observed and the rabbits were alive and well two 
months after completion of treatment. In exactly parallel series 
in respect of time and dosage the second part of the experiment was 
carried out, the 2 per cent. fixed virus brain being on this occasion, 
however, emulsified in normal saline solution alone. 

Table II (Series III and IV) shows that of the six rabbits given 
injections over seven days, in a total dosage of 280 milligrams per 
kilo. body weight, all died except two. Death, however, was in all 
four cases due to fixed virus rabies, as was subsequently proved by 
passage experiments. 
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The six rabbits inoculated over fourteen days with fixed virus 
brain amounting to 560 milligrams per kilo. body weight, remained 
healthy for two months after completion of treatment. 

From the results tabulated below, it will be seen that paralysis 
could not be produced with injections of fixed virus brain, whether 
emulsified with N.S.S. or with 1 per cent. phenol, in as large a quantity 
as 560 milligrams per kilo. body weight. 


II. 


No paralysis following a dosage of fixed virus brain in N.S.S. or in 1 per cent. 
phenol of 280-560 milligrams per kilo. body weight. 


| Amount per 
Course of treatment kilo. body weight 
injected Result 
No. of days | (in milligrams) 


Series Rabbit i— 


Inoculum 


} 
| | 
| 
| 
| 


I Alive 
2 5 c.c. daily of a 2 per - 
I 3 cent. emulsion of I4 500 
4 fixed virus brain in | ~ 
5 I per cent. phenol. | . 
6 

I | | Alive 
2 5 c.c. daily of a 2 per | i 
II 3 cent. emulsion of 280 
4 fixed virus brain in | - 
5 1 percent. phenol. | 
0 

I Alive 
2 | 5 c.c. daily of a 2 per | . 
3 cent. emulsion of | 14 560 
4 fixed virus brain in | “ 
5 N.S.S. 
6 

| | 

1 Alive 

2 5 cc. daily of a 2 per | ‘is 
IV 3 cent. emulsion of | 7 280 *Died 

4 fixed virus brain in | * 
5 N.S.S. ae 


~ 


* Died of Fixed Virus Rabies. 


With the exception of Harvey and Acton, in the experiment 
quoted, the investigators referred to above employed as inoculum a 
heterologous nerve substance; it might be urged, therefore, that 
as here, use was made of homologous brain tissue in the injections 
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recorded in Tables II and VIII, no strictly comparable basis can 
exist between the various results obtained. 

Partly then to parry this criticism, and partly from the fact that 
in all forms of anti-rabies treatment heterologous nerve substance 
only is administered, a further series of investigations was instituted ; 
deductions, however, could only be drawn from such animal experi- 
ments, it was felt, if the conditions 6bserved during inoculation were 
made to approximate as closely as possible to those of ordinary 
Pasteurian treatment for man. 

At the same time the opportunity seemed favourable for 
determining whether or not normal brain substance of itself could 
produce neuro-paralytic disorders animals. Experiments 
conducted towards this end, in previous years, had proved so incon- 
clusive that McKendrick (1927), reviewing the subject of paralytic 
accidents and their causation, was constrained to remark: ‘ It is 
clear that until the experiments of Schweinburg upon the toxicity of 
normal brain substance are confirmed, no conclusion can be 
arrived at.’ 


EXPERIMENTS Nos. III, IV, V, VI, VII 


These may be grouped as follows :— 


1. Rabbits inoculated with heterologous (sheep's) nerve 
substance. 

2. Rats inoculated with heterologous (rabbit's) nerve 
substance. 

The dosage given, the period of administration and the mode 
of preparation of nerve substance prior to inoculation differ con- 
siderably ; for convenience, then, a summary of results has been 
collected in Tables III, Hs, IV, V, VI and VII. 

It will be noted that among fifteen rabbits inoculated with a 
dosage varying from 280 to 672 milligrams per kilo. body weight of 
sheep’s brain in 1 per cent. phenol, no case of paralysis occurred ; 
among the fifteen inoculated with an identical dosage of sheep’s brain 
in N.S.S. there were two cases with fatal results. 

Rabbit No. 1 of Series I1A developed symptoms after the fourth 
injection, and proceeded to total paralysis on the sixth day after 
having received only 128 milligrams per kilo. body weight ; Rabbit 
No. 2 of Series II] developed symptoms after the eleventh injection, 
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when 528 milligrams per kilo. body weight had been administered : 
death occurred six days later. 

The clinical picture of disease in both rabbits was as follows :— 
they ceased feeding and lost weight ; paralysis, first affecting the 
front legs, became general towards the end of the disease 


Taste III. 


The production of paralytic accident with normal heterologous nerve substance. 


Course of treatment Amount per 
Series = Rabbit kilo. body weight Result 
| | injected 
Inoculum | No. of days | (in milligrams) 
1 2°5 c.c. daily of a 2 per Alive 
2 cent. emulsion of 
I 3 sheep’s brain in 1 14 280 » 
4 per cent. phenol. “i 
5 ” 
I —4c.c. daily of a 2 per | Alive 
2 cent. emulsion of 
ll 3 sheep’s brain in 1 14 448 " 
4 per cent. phenol. i" 
5 | ” 
I 6 cc. daily of a 2 per Alive 
2 cent. emulsion of 
il 3 sheep’s brain in 1 14 672 - 
4 cent. phenol. | 
5 
I | 2°5 c.c. daily of a 2 per | | Alive 
2 cent. emulsion of | 
Ia 3 sheep’s brain’ in | I4 280 
4 | NSS. 
| 
I | 4c.c. daily of a 2 per | Paralysis-death 
2 cent. emulsion of Alive 
3 sheep’s brain in | 448 
| 4 N.S.S. 
| 
| I | 6 c.c. daily of a 2 per | Alive 
| 2 cent. emulsion of Paralysis-death 
Wa 3 sheep’s brain in 14 672 Alive 
| 4 N.S.5. 
> 


Rabbit IIA, 1, got steadily worse ; Rabbit IIIA, 2, after slight 
improvement on the third day, relapsed and died. In both cases 
the onset was abrupt. Before death incontinence of urine developed 
from a complete paralysis of the bladder. On post-mortem examina- 
tion the heart was found to be engorged, its cavities were dilated and 
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both ventricles filled with blood; the kidneys were markedly 

congested and oedematous ; the bladder was much distended ; the 

urine contained albumen in large quantity, but no_ sugar. 

Histologically the cords showed evidence of an acute myelitis only. 

A study of the facts recorded permits certain deductions to be 
drawn :— 

(a) Fixed Virus and Rabies Toxin could have had no etiological 
relation to the disease, as the brain used was that of a 
healthy sheep. 

(b) Paralysis was undoubtedly due to some constituent of 
normal nerve substance—a constituent rendered inert by 
the action of phenol. 

(c) Within limits, there would appear to be no relation between 
the toxicity of this constituent and the dosage given. 

(d) Predisposition must have been a very important factor in 
determining infection, for there was no relation whatever 


between the total dosage administered and the onset of 
symptoms. 


Tasre IIIa. 


Accidents not necessarily produced by elevation of dosage. 


Course of treatment Amount per 
Series Rabbit | kilo. body weight Result 
injected 
Inoculum No. of days (in milligrams) 
I 5 c.c. daily of a 4 per Alive 
2 cent. emulsion of 
I 3 sheep’s brain in 1 10 800 ee 
4 per cent. phenol. - 
5 ” 
I | 5 c.c. daily of a 4 per | Alive 
2 cent. emulsion of | me 
II 3. sheep’s brain in 1 14 1,120 
4 | per cent. phenol. | ” 
5 | 
| | 
I | 5 c.c. daily of a 4 per Alive 
2 cent. emulsion of | . 
Ia | 3 | sheep’s brain in 10 800 
| 4 | N.S.S. a 
5 | | ” 
I 5 c.c. daily of a 4 per | Alive 
2 cent. emulsion of | 
IIa 3 sheep’s brain in 14 1,120 
4 | NSS. 
| 5 | | ” 
| | 
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In a previous set of experiments carried out here in 1925, it was 
found impossible to produce symptoms either toxic or paralytic 
among sixty rabbits with a per kilo. body weight dosage ranging from 
10 to roo milligrams of heterologous nerve substance, whether 
emulsified in N.S.S. or in I per cent. phenol. 

It has now been shown that a dosage of from 800 to 1,120 milli- 
grams per kilo. body weight, does not necessarily lead to paralytic 
accident. 

The inference is that individual predisposition or relative 
intolerance to foreign inocula is a factor of the utmost importance 
in the etiology of the condition under review. 

Further, the results of Table IIIA and of Tables IV, V, VI and 
VII, fail to support the criticism of Lubinski and Prausnitz (1926), 
in regard to the experimental findings of Harvey and Acton (1923) 
already referred to, viz., that the total introduction of 0-4 gramme 
phenol might, of itself, produce cardiac thrombosis and paralytic 
symptoms in rabbits. 

In the experiments of Harvey and Acton a total introduction per 
rabbit of 0-4 gramme phenol would represent an average inoculation 
with that chemical of not more than 260 milligrames per kilo. body 
weight, whereas from our experiments it will be seen that a much 
higher dosage can easily be tolerated. 

Cornwall and Beer (1925) have also proved that phenol in a dosage 
of 280 milligrammes per kilo. body weight is innocuous for rabbits. 

In addition to the condition now recognised clinically as neuro- 
paralytic accident, various ill-defined injuries to the organism, ending 
in death, may follow the exhibition of nerve substance emulsified 
in normal saline solution. Such injuries, however, do not occur 
when the nerve tissue prior to administration has been treated with 
I per cent. phenol. Experimental proof is advanced in Tables IV, 
V, VI and VII. 

In this experiment rats died, but without symptoms of paralysis 
after having received a dosage per kilo. body weight equivalent to 
400 milligrams, 500 milligrams, 750 milligrams, and 1,000 milligrams 
of normal nerve substance in N.S.S. With a per kilo. body weight 
dosage, however, of 1,250 milligrams and of 2,000 milligrams, no 
untoward results were observed. 
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From this it would seem that, within limits, injury has no true 
relation to the dose of nerve substance employed. 

Thus no toxic effects in rats resulted from the employment of 
carbolised normal nerve substance in a dosage per kilo. body weight 
varying from 500 to 2,000 milligrams. 

The next experiment was performed to determine whether the 
action of phenol on fixed virus brain was identical with that on 
normal brain; the results following inoculation of rats with fixed 
virus brain in N.S.S., when compared with the results of inoculation 
with fixed virus brain in 1 per cent. phenol, answered the question. 

Four deaths occurred, not due to fixed virus rabies as proved 
by subsequent passage experiments in rabbits, but presumably to 
some toxic constituent in the inoculated nerve substance itself. 

Again, in as much as deaths followed the administration per 
kilo. body weight of 1,000 milligrams and of 1,250 milligrams, but not 
of 2,000 milligrams, it is clear that no well-defined relation exists 
between the toxicity of the constituent and the quantity of nerve 
substance injected. 

The most striking result arrived at from a study of Tables II to VII 
is, undoubtedly, that phenol in a concentration of I per cent. seems 
able to destroy completely both the toxic and the paralysis-provoking 
properties of normal nerve substance. 
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The ill-effects of normal brain in N.S.S. when injected into rats. 
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Tasie TV. 


Standard weight of rats employed = 


200 grammes. 


| 
| 


Percentage 

Rat Inoculum Dosage Result after 2 months —_ mortality 

I | Died in 4 days 

2 | 2 per cent. normal brain of — 1 c.c. daily for 5 days Died in 14 days 

3 rabbit in N.S.S. Alive 40 

4 

5 ” 

6 Died in 18 days 

7 | 2 per cent. normal brain of | 1°5 c.c. daily for 5 days Alive 

8 rabbit in N.S.S. | “ 20 

9 | 
10 | ” 
II | Died in 12 days 
12 | 2 per cent. normal brain of | 2 c.c. daily for 5 days Died in 14 days 
13 rabbit in N.S.S. | Died in 26 days 60 
14 | Alive 
15 

16 | | Alive 
17 | 2 per cent. normal brain of — 2°5 c.c. daily for 5 days is 
18 | rabbit in N.S.S. | 7 Nil 
19 | ” 
20 | | 
| 

21 | Alive 
22 | 2 per cent. normal brain of | 4 c.c. daily for 5 days” si 
23 ~—srabbit in N.S.S. Nil 
24 | ” 


| 
‘| | 
| 
25 | | ” 
| 
| 
| 
| 
| 
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‘Taste V. 
| | 
, Percentage 
Rat Inoculum Dosage | Result after 2 months | mortality 
I | Alive 
2 | 2 per cent. normal brain of | 1 c.c. daily for 5 days | ” 
3 rabbit in 1 per cent. | Nil 
4 phenol. | ” 
5 | ” 
6 Alive 
7 | 2 per cent. normal brain of | 15 cc. daily for 5 days - 
rabbit in per cent. Nil 
y phenol. ” 
i Alive 
12 | 2 per cent. normal brain of | 2 c.c. daily for 5 days » 
13 rabbit in 1 per cent. Nil 
14 phenol. 
15 | ” 
16 Alive 
17 | 2 per cent. normal brain of | 2°5 ¢.c. daily for 5 days » 
18s rabbit in per cent. Nil 
19 phenol. 
20 ” 
21 Alive 
22 | 2 per cent. normal brain of | 4 cc. daily for 5 days * 
23 rabbit in 1 per cent. o Nil 
2 phenol. 
25 ” 


by 
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Tasre VI. 
The ill-effects of fixed virus brain in N.S.S. when injected into rats. 
Standard weight of rats employed = 200 grammes. 
Percentage 
Rat Inoculum Dosage | Result after 2 months | mortality rs 
| 
| 
I Alive 
2» 2 percent. fixed virus brain c.c. daily for 5 days. 
3 of rabbit. - Nil 
+ 99 
5 
I | | Alive 
2 per cent. fixed virus brain 1°5 c.c. daily for 5 days 
3 of rabbit in N.S.S. “ Nil 
4 | | m 
5 | ” 
—— 
I Died in 10 days 
| 2 2 per cent. fixed virus brain 2 c.c. daily for 5 days Died in 18 days 
3 of rabbit in N.S.S. Alive 4o 
4 ” 
5 — 
I Died in 12 days 
2 2 per cent. fixed virus brain 2°5 c.c. daily for 5 days) = Died in 16 days 
3 of rabbit in N.S.S. Alive 40 
+ | ” 
I Alive 
2 2 percent. fixed virus brain 4 c.c. daily for 5 days 
3 of rabbit in N.S.S. ” Nil | 
4 ” 
5 
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Tasre VII. 


The ill-effects of fixed virus brain counteracted by the use of phenol. 


Percentage 
Rat Inoculum Dosage Result after 2 months mortality 

I Alive 

2  2percent. fixed virus brain 1 c.c. daily for 5 days sf 

3 of rabbit in 1 per cent. i Nil 
4 phenol. ” 

5 39 

I Alive 

2-2 per cent. fixed virus brain 1°5 ¢.c. daily for 5 days a 

3 of rabbit in 1 per cent. ‘ Nil 
4 phenol. ” 

5 39 

I Alive 

2 2 percent. fixed virus brain 2 ¢.c. daily for 5 days * 

3 of rabbit in 1 per cent. 9 Nil 
4 phenol. 99 

5 ” 

I Alive 

2 per cent. fixed virus brain 2°5 daily for 5 days 

3 of rabbit in 1 per cent. Pe Nil 
4 phenol. “ 

5 ” 

I Alive 

2 2 per cent. fixed virus brain 4 c.c. daily for 5 days - 

3 of rabbit in 1 per cent. - Nil 
4 phenol. 

5 
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EXPERIMENT No. VIII 


In Table III it was proved that paralytic accidents in rabbits 
could be produced by the inoculation of normal heterologous nerve 
substance ; if such paralysis were due to a constituent of normal 
nerve tissue it seemed reasonable to suppose that they might follow 
the administration of homologous nerve substance also. The next 
experiment, therefore, was instituted to test the value of the hypo- 
thesis and was carried out by the inoculation, over varying periods 
of time, of eighty rabbits, with suspensions of rabbit’s fixed virus 
brain ; forty rabbits were treated with suspensions in normal saline 
solution, and forty with suspensions in I per cent. phenol. 

Table VIII shows that in two of the series wherein a relatively 
small dosage was employed, six rabbits contracted fixed virus 
rabies and died ; four in Series II, and two in Series III. Diagnosis 
of rabies was confirmed by twelve passage experiments. 

Although outside the scope of the present article it is of immuno- 
logical interest and importance to observe that while rabies could 
be produced with inoculations of 5 ¢.c. of 2 per cent. fixed virus 
over two and three days, when the dosage administered was 80 to 120 
milligrams per kilo, body weight, no case followed the administration 
of identical inocula over longer periods of from four to twelve days ; 
indeed, as was proved by later experiments, a high degree of immunity 
was established against rabies when the dosage per kilo. body weight 
ranged from 160 milligrams to 480 milligrams. This finding is in 
agreement with that expressed by Ferran, as a result of inoculation 
experiments carried out on monkeys and dogs, namely, that whereas 
fixed virus in small quantities is definitely dangerous, larger quantities 
are harmless and immunise. 

Undoubtedly the most noteworthy result, however, was achieved 
in Series VII, in which a dosage of 360 milligrams per kilo. body 
weight had been given to each rabbit during a period of nine days. 
In this series, sixteen days after the beginning of treatment and one 
week after its completion, Rabbit No. 1 suddenly developed paralysis 
in the hind legs. Paralysis was of the flaccid type and, beginning 
in the hind legs, shortly spread to the forequarters ; on involvement 
of the bladder there ensued incontinence of urine ; death occurred 
two days after the onset of symptoms. The post-mortem findings 
were very similar to those described under Table III. 
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VIII. 


The production of paralytic accident with homologous nerve substance. 


Course of treatment 
Series | Rabbit Result after 2 months observation 
Inoculum | No. of days 
I | Died of intercurrent disease 
2 5 c.c. daily of 2 per | 1 day Alive 
I 4 cent. of fixed virus - 
4 brain in N.S.S. a 
5 ” 
I Died of fixed virus rabies 
2 5 c.c. daily of 2 per. 2 days 
4 brain in N.S.S, 
| 5 | Alive 
| I Died of fixed virus rabies 
2 5 cc. daily of 2 per 3 days 
Wt 3 cent. fixed virus Alive 
4 brain in N.S.S. 
5 ‘3 
I Alive 
2 5 cc. daily of 2 per 4 days “ 
3 cent. fixed virus 
4 brain in N.S.S. 
5 ” 
I | Alive 
2 5 c.c. daily of 2 per | 6 days i“ 
3 cent. fixed virus | 
4 brain in N.S.S. 
! 5 ” 
i | Alive 
2 5 cc. daily of 2 per 8 days i 
Vi 3 cent. fixed virus 
4 brain in N.S.S. me 
5 ” 
I | Paralysis 
2 5 ¢.c. daily of 2 per. 9 days Alive 
VII 3 cent. fixed virus | a 
4 brain in N.S.S. 
| 5 
I Alive 
2 5 c.c. daily of 2 per days 
VIII 3 cent. fixed virus 
4 brain in N.S.S,. va 
| 5 | ” 
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The brain was wholly unaffected but the cord showed the 
inflammatory and degenerative changes characteristic of an acute 
myelitis. 

2-assage experiments on twelve rabbits remained uniformly 
negative, thus definitely and finally excluding rabies as a_ possible 
cause of paralysis in this case. 

It must, therefore, be concluded that this rabbit died of a neuro- 
paralytic accident, a post-vaccinal myelitis evoked by the inoculation 
of homologous nerve substance in a dosage of 360 milligrams per 
kilo. body weight—a dosage relatively small when compared, for 
example, with the quantities injected in Table IIL, without ill-effect. 

Results obtained in the second half of this experiment when 
forty rabbits were given, in parallel series, an equal dosage per 
kilo. body weight of fixed virus in 1 per cent., phenol instead of in 
N.S.S., require no tabulation. 

These rabbits treated with carbolised emulsions varying in dosage 
per kilo. body weight of from 40 milligrams to 480 milligrams, 
showed neither paralysis nor toxic effects. 


SUMMARY 


(vom results of experiments carried out on 235 rabbits and 100 white 
rats.) 


1. The neuro-paralytic disorders of anti-rabies treatment are 


not anaphylactic phenomena. 
2. Fixed Virus and Rabies Toxin are not concerned in the 


production of paralytic accidents. 

3. Paralytic accident may follow the exhibition of normal brain 
substance or of rabid brain substance. 

4. Paralytic accident may be produced by the inoculation of 
homologous and heterologous nerve substance alike. 

5. The cause of paralytic accidents lies in the protective inocula- 
tions themselves, and presumably in some constituent of normal 
nerve substance unavoidably introduced during the process of 
immunisation. 

6. There is, within limits, no apparent connection between 


the occurrence of paralysis and the total amount of nerve substance 
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injected. Paralytic accidents are not, therefore, necessarily a 
function of the quantity of nerve substance administered. 

7. The paralysis-provoking and toxic constituent of normal 
nerve substance is rendered inert by suitable treatment with 1 per 
cent. phenol. 

8. Absence of relationship between total dosage and occurrence 
of paralysis argues strongly in favour of individual hypersensitiveness 
to the inoculations being a responsible factor in predisposition. 


CONCLUSION 


Paralytic accidents can be produced experimentally by the 
repeated inoculation of nerve substance, normal or rabid, homologous 
or heterologous. Occurrence is ordinarily preventable by suitable 
treatment of brain suspensions with phenol; by this means the 
paralysis-provoking property of nervous tissues is counteracted. 
Actual occurrence, however, is governed by individual predisposition 
or idiosynerasy, Le., relative intolerance to foreign inocula. 
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SLEEPING SICKNESS IN THE IKOMA 

DISTRICT OF TANGANYIKA TERRITORY ; 

NOTES ON SOME CASES TREATED BY 
PROFESSOR F. K. KLEINE 


BY 


J. F. CORSON 
(Received for publication 3, September, 1928) 


INTRODUCTION 


These notes refer mainly to cases of Rhodesian sleeping 
sickness treated by Professor Kleine, during his stay at Ikoma, 
from the middle of September, 1926, to the end of May, 1927. For 
the following five months I continued the work on more or less 
similar lines. From the end of October, 1927, to the end of June, 
1928, Dr. G. Park Noble was in charge of the work and has kindly 
sent me the details recorded for this period in the tables. In Professor 
Kleine’s report (1928) it is stated that it was then too early to give 
results of treatment. The principle of treatment was the combined 
use of Germanin (‘ Bayer 205’) with preparations of arsenic and 
antimony. I have found it very difficult to form definite opinions 
on the relative values of the various drugs employed and of the 
methods used. So far as we know, such factors as the dose, intervals 
between doses, total quantity, combination of drugs and even the 
concentration of the solution used for intravenous injection (Kroo 
and Mano, 1927, Kroo and Schultze, 1927) may affect the result. 
There are also the factors of difference of virulence of strains of 
trypanosomes and difference of resistance of patients. It is 
recognised that drugs that act well in infections of small laboratory 
animals may fail in the case of the same infection of large animals 
and man. It is also known that strains of trypanosomes that have 
been long maintained in laboratories by direct passage have become 
altered and the necessity for clinical and laboratory observations 
over long periods in the actual areas where sleeping sickness is 
contracted has become increasingly evident. Mortality figures seem 
to be the best indication of the curative value of drugs in sleeping 


379 


: 


380 


sickness, when reliable and not based on native reports. For the 
estimation of the value of drugs in relieving pain and distress, 
prolonging life and protecting others, close observation of patients 
over a long period is very desirable. The mortality figures of these 
cases are, so far, favourable and show, I think, amongst other things, 
the value of continued treatment even in apparently unfavourable 
cases. It has seemed best to give details of thirty-nine cases in 
tabular form. They were mostly fairly advanced cases and remained 
long enough to get thorough treatment with drugs. Up to the end of 
October, 1927, all drugs were given personally by Professor Kleine 
or myself, the work being never delegated to subordinates. It has 
been possible, so far, to keep most of the cases under fairly close 
observation, this being one of the difficulties in the study of the 
disease in Africa. 


ASSOCIATED CONDITIONS. 


Other diseases. Malaria, relapsing fever and, probably, syphilis, 
are the most important. It was noticed that malarial parasites were 
rarely present in the blood of adults in the absence of fever, this 
being different from what obtains in some coastal towns, e.g., 
Dar-es-Salaam, where they may be found in 20 per cent. of young 
adults who are apparently in good health. Filarial infection was 
never observed. Helminthic infection of the alimentary canal is 
extremely rare. Amongst the sleeping sickness patients none was 
found during a year, except two cases with Strongyloides stercoralis. 

Game animals. These are abundant throughout the area all 
the year round, the most numerous being topi, palla, gnu, gazelle 
and zebra. 

Habits of the population and exposure to Tsetse Flies. Two 
species of Glossina are known to occur, viz., G. swynnertont and 
G. pallidipes, the former being much more numerous than the latter. 
In most of the villages, tsetse flies are rarely encountered and large 
numbers of cattle, sheep and goats are kept. The people are, on the 
whole, well nourished. They are much addicted to hunting and 
make farms in the ‘ bush’ at considerable distances from their 
villages. At certain times of the year large numbers leave their 
villages to live in the bush, hunting and farming for two or three 
months. These customs bring many natives into close contact with 
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many tsetse flies under conditions favourable to the transmission of 
sleeping sickness. So far as can be judged from figures of admission 
to hospital, these months are the period of greatest incidence of 
infection. Throughout the year, however, the natives are continually 
making journeys through the tsetse infested bush for various purposes, 
such as fishing, hunting, salt collecting, attending ceremonies, visiting 
relatives, etc. 

THE NATURAL DURATION OF THE DISEASE AND THE QUESTION 
OF ImMMuUNITy. Only a rough estimate can be formed of the 
natural duration of the disease. From a consideration of cases 
where treatment could not be given, I think that it is about from 
six months toa year. I know of no case of natural recovery. The 
more intelligent natives can diagnose sleeping sickness with fair 
accuracy in all except aged people, and I have not heard from 
them of any cases of natural recovery. The incidence of the disease 
is probably about 1 per cent. of the population and is fairly evenly 
distributed. I can find no evidence of immunity in any part of 
the area. It cannot be presumed that Trypanosoma rhodesiense 
must have been inoculated by bites much more frequently than 
infection has occurred unless it is assumed that most strains of 
polymorphic trypanosomes, infecting the animals of the district, 
are infective for many human beings. 

DIAGNOSIS OF SLEEPING SICKNESS. This was made chiefly from 
stained thick blood films. In nearly all cases trypanosomes were 
easily found at the first examination, but a film was not regarded as 
negative until it had been examined for twenty minutes. As regards 
diagnosis of the stage of the disease, [ have not been able to be 
sure of infection of the central nervous system from clinical signs 
unless these were very definite. Patients, whose weak and tremulous 
state on admission suggested, and whose subsequent relapses made it 
almost certain, that the central nervous system was already infected, 
improved so quickly after treatment with ‘ Bayer 205,’ remaining for 
some months in apparently perfect health, that I think that a great 
part of their early condition may have been due to the state of 
the blood. Weakness and wasting may develop quickly in Rhodesian 
sleeping sickness, as was shown by three patients, two of whom were 
white men, in whom the date of infection was very approximately 
known. 
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LUMBAR PUNCTURE. Some observations, e.g., those of Low and 
Manson-Bahr (1923), King (1926), and Keevill (1926) suggest some 
limits to the value of lumbar puntures. Unless frequently repeated, 
which is usually impracticable, I do not think that it has so much 
value, at least to the extent of being obligatory, as has been claimed 
for it, either for diagnosis or prognosis. In these patients, in whose 
blood trypanosomes were usually numerous, there would be a 
risk of mechanically infecting the cerebro-spinal fluid if lumbar 
puncture were done before treatment. This point has been raised 
by Shircore (1928) and commented on by Peruzzi (1928). Reichenow 
(1914) infected a monkey by intraspinal injection of human blood 
containing 7. gambiense. Levaditi and Delorme (1928) infected 
rabbits by subdural injection of blood of mice containing 7. brucer. 
Whether the infection can be attributed to the associated increase 
of protein content of the cerebro-spinal fluid or not, it appears to be 
established that trypanosomes that enter the normal cerebro-spinal 
fluid with blood, may survive and multiply. A persistently high 
cell-count, in spite of treatment, would seem to indicate, except 
possibly in some cases of syphilis, that a drug is not having much 
effect on the infected nervous system. A decreased cell count and 
absence of trypanosomes appear to be less reliable signs. Though 
lumbar puncture will give evidence of infection of the central nervous 
system when trypanosomes have been apparently absent from the 
blood for a long period, it cannot replace frequent blood examination. 
The latter is of great value. In most of these cases it enabled 
relapses to be detected early, it is a simple procedure not objected to 
by the patients, and serves to keep them under observation. 

SYMPTOMS. Most of the patients presented the clinical picture of 
an acute illness with considerable muscular wasting and weakness, 
some fever, headache and general body pains and enlargement of 
lymphatic glands. Localised swelling or oedema was observed in 
Cases 23, 43, 66 and 74. Though one or more of the cervical, 
axillary or epitrochlear glands was enlarged in most cases, in some 
cases this was absent. It is not a reliable diagnostic sign in this area. 
In May, 1926, in one village area, out of 217 persons examined, all 
of whose blood showed no trypanosomes, there were enlarged glands 
in 54. In a few cases the glands were punctured with negative 
results. It was a village where some cases of sleeping sickness 
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existed. A list of names, with fathers’ names and villages, was 
taken. In April, 1927, on a second visit to the same place, I made 
detailed enquiry and saw many of these people again. The result 
was as follows :—two had died, nothing was known of four, and the 
remaining 48 were alive and well. 

RELAPSES. As many patients, on temporary recovery, were 
allowed to visit their homes, re-infection cannot absolutely be 
excluded. In the precincts of the hospital a tsetse fly was rarely 
seen. The table shows that parasitic blood relapses nearly always 
occurred within a few months of the cessation of treatment and 
sometimes during treatment. They were almost always associated 
with symptoms of illness such as headache and fever. The presence 
of trypanosomes in the blood in relapses was less regular from 
day to day than in untreated cases as, for example, in Cases 21, 34, 
39, 47, 68 and 75. This has some bearing on comparing the action 
of drugs by blood examination in untreated and relapsed cases 
respectively. 


THE EFFECTS OF DRUGs. 


Germanin (‘ Bayer 205’). It is, I think, the general experience 
that there is no other drug that can compare in value with ‘ Bayer 
205’ in the treatment of early cases of Rhodesian sleeping sickness. 
Omitting such hypothetical cases as infection with ‘ Bayer 205 ’—fast 
relapse strains, originally ‘Bayer 205’ resistant strains or an 
abnormally early infection of the central nervous system, there 
seems to be no reason why a white person should, in future, die of the 
disease. Natives unfortunately usually first come for treatment in 
a later stage. An important question is whether ‘ Bayer 205’ acts 
beneficially on the infected nervous system. As regards the cure 
of such cases there is much published evidence against it. Reference 
to the table shows that some of these cases have died and many have 
relapsed, after a course of treatment that would be regarded as very 
thorough in an early case. Cases 75 and 89 show also that good 
bodily condition, freedom from definite nervous symptoms and 
absence of trypanosomes in the blood, after treatment, may co-exist 
with presence of trypanosomes in the cerebro-spinal fluid. This was 
noted by Kleine and Fischer (1923) in patients who had shown severe 
nervous symptoms before treatment. However, the progress of some 
of these Cases, e.g., 2I, 23, 25, 43, 45, 46, 49 and 67, suggests that 


1 
| 
3 
4 


384 


‘ Bayer 205’ has an effect, direct or indirect, on the infection of the 
central nervous system. It appears to reduce the virulence of the 
trypanosomes at least for a long time. Kleine (1928, Joc. cit.) has 
referred to Cases 43 and 67. Keevill (loc. cit.) found that 
trypanosomes disappeared from the spinal fluid after treatment 
with ‘ Bayer 205’ and has recently (1928) published notes of six 
patients with infected cerebro-spinal fluid, who were treated with 
‘ Bayer 205’ (one received Fourneau, 309) and were in excellent 
health from two to two and a half years later. I am unable to 
form an opinion on the merits of giving ‘ Bayer 205’ for a long 
continuous period with long intervals between doses. Cases 25, 
59, 64, 66 and 67 suggest that it is worth trying. During the five 
months following Professor Kleine’s departure from Ikoma, sixteen 
of these cases, with two deaths, showed parasitic relapse, and 
five others died, the cause of death being, clinically, sleeping sickness. 
The occurrence of death was either personally observed by me or 
amply confirmed. 


ARSENIC. 


Atoxyl. I did not use this after Professor Kleine’s departure. 
It seems to have little power to delay relapse. 

Tryparsamide. In other parts of Tanganyika Territory this 
drug has not given results in any way comparable with the success 
claimed for it in 7. gambiense infections. In untreated cases it 
fails to cause trypanosomes to disappear from the peripheral circula- 
tion, sometimes after the administration of a considerable number of 
doses. During the period of my observation it had been too recently 
used in [koma in relapsed cases, previously treated with ‘ Bayer 205,’ 
to enable an opinion of its value in such cases to be formed. 
Dr. Park Noble has since given it in many relapsed cases and reference 
may be made to Cases 21, 22, 25, 40, 43, 54, 57, 58, 59, 68, 75 and 89. 
Though little can be inferred from the results of two or three lumbar 
punctures in a patient, these cases, especially Case 68, seem to show 
that when a considerable quantity is given, the number of cells in 
the cerebro-spinal fluid is diminished. Considered with the fact 
that the patient has survived, this may indicate that tryparsamide 
has a beneficial action, direct or indirect, on the infected nervous 
system. It seems to be specially indicated in succession to and not 
instead of ‘ Bayer 205.’ 
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‘BR 68.’ This is a preparation of arsenic made by Professor 
Binz and Dr. Rath. Giemsa and Mayeda (1927) state that it is 
one of a number of preparations in which arsenic is combined with 
pyridin or chinolin groups. They found it to have good trypanocidal 
action in mice infected with 7. brucei. It is a greenish-brown 
powder, apparently homogenous, soluble in water to form a deep 
brown solution, 0-3 gramme dissolving in 10 c.c. of cold water in 
about ten minutes. The deep brown colour of the solution makes 
intravenous injection a little difficult when veins are small and ill- 
supported. I have used the drug intravenously in two relapsed 
Cases, viz., 57 and 75. The clinical effects and action on the blood 
were good, but reference to Case 75 shows that, in the doses and 
total amount used, it did not appear to influence the infection of the 
central nervous system. Some febrile reaction and, on one occasion, 
immediate vomiting occurred. 

Preparation ‘2754’ Hoechst. Professor Kleine (1928, loc. cit.) 
has published a brief note on the oral administration of this drug, and 
Van den Branden, Clevers and Moreels (1927) have recorded observa- 
tions on its use intravenously. I did not make further trial of the 
drug at Ikoma. 


ANTIMONY. 


Stibosan (‘ Heyden 471’). Reference to Cases 21, 43, 57, 58 and 68 
shows that in some cases a relapse may occur very soon after a course 
of injections has been given. This applies to all drugs, however, 
except ‘ Bayer 205,’ and there are exceptional cases with the latter, 
e.g., Cases 57 and 92. Stibosan has no apparent effect on malarial 
parasites. 

Antimosan (‘ Heyden 661’). Given intravenously in Cases 21, 
39, 43, 44 and 58, it was apparently of little, if any, value. 

‘Bayer Sb 212.’ This was found by Professor Kleine to have 
little effect in untreated cases. It has not been used since. The 
antimony content is very small. 


THE ORIGIN OF SLEEPING SICKNESS IN THE IKOMA AREA. 


It is perhaps permissible, as a matter of interest, to touch on this 
question. The Ikoma area is continuous with the other part of the 
Mwanza sleeping sickness area and considerable intercommunication 
exists between the people of both districts. Infection might easily have 
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been conveyed from either area to the other. The view that infection 
of man in the Mwanza district may have occurred within the last decade 
or thereabouts by transmission of trypanosomes previously confined 
to animals, does not appear to me to exclude sufficiently other modes 
of origin. As regards the identity or otherwise of T. rhodesiense and 
T. brucei, the present position appears to be that there is no proof of 
identity and that it seems impossible to plan an experiment of 
inoculating volunteers from animals that, even if successful, could be 
free from scientific objection. Kleine (1928, Joc. cit.) has expressed 
the opinion that the regions in this territory, where sleeping sickness 
has recently been found, have been infected by the travelling of 
sick natives from old sleeping sickness areas on Lakes Victoria and 
Tanganyika, i.e., from what were called G. palpalis or T. gamhtense 
areas. This view is supported by the fact that 7. gambiense and 
TI. rhodesiense present identical or closely similar morphological 
features in man and in sub-inoculated small laboratory animals. 
It is further supported by the well-known experimental work of 
Kleine and his colleagues that proved that either trypanosome can 
be transmitted cyclically by G. palpalis, G. morsitans and 
G. swynnertom. It may be conjectured also that it might have arisen 
by spread from an old endemic centre of Rhodesian sleeping sickness 
in the territory. Rhodesian sleeping sickness was known to occur 
in the region of the Rovuma River, in 1913 and 1914. German troops 
were infected near there in 1917, and British troops in 1918. It 
was almost certainly present in the Ufipa district in 1920 (Maclean, 
1926), while Swynnerton has recorded that Balfour found an unusual 
number of trypanosomes in the blood of a native in the Mwanza 
district in 1918. 
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Results of 39 treated cases. 


Date when diagnosed 


Case No. microscopically Result 
21 15 May, 1926 Alive 
22 19 May, 1926 9 
23 19 May, 1926 oe 
25 21 September, 1926 - 
26 | 23 September, 1926 Dead 
34 25 September, 1926 si 
35 26 September, 1926 i 
37 26 September, 1926 9 
39 29 September, 1926 Alive 
4o 23 September, 1926 
41 2 October, 1926 
43 20 October, 1926 s 
44 23 October, 1926 * 
45 29 October, 1926 ‘“ 
40 30 October, 1926 
47 5 November, 1926 Dead 
49 10 November, 1926 Alive 
51 16 November, 1926 
52 19 November, 1926 Dead 
53 20 November, 1926 Alive 
54 28 November, 1926 ‘ 
57 5 December, 1926 
58 5 December, 1926 * 
59 8 December, 1926 
60 12 December, 1926 * 
61 15 December, 1926 ” 
62 16 December, 1926 Dead 
64 7 January, 1927 ” 
66 14 January, 1927 Alive 
67 28 January, 1927 ” 
68 8 February, 1927 * 
70 11 February, 1927 9” 
71 12 February, 1927 ” 
73 1 March, 1927 Dead 
74 17 March, 1927 Alive 
75 29 March, 1927 ys 
76 6 April, 1927 Dead 
89 16 August, 1927 Reported alive 
g2 18 September, 1927 Unknown 


Number diagnosed, 14 to 2 years previously... 


Alive 
Dead 


27 


| 


Period of survival to 
death or 30 June, 1928 


25 months 
25 ” 
25 99 
21 
9 ” 
16 (approx.) 
10 
21 
21 
21 
2 
20 
20 
20 
1y 
1y ” 
9 ” 
Ig ” 
1g 
1g ” 
19 
1g 
19 as 
1g ” 
10 
6 5 
17 ” 
17 ” 
16 
16 
16 
8 (approx.) 
14 
+ 
10 


20 or 74% 
7 or 26% 
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| 
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2% 
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Sb. 212 
Atox. 
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ABBREVIATIONS USED IN TABLE II 


Bayer 205. 
Stibosan. 


Bayer Sb. 212. 
Atoxyl. 
Tryparsamide. 


Contains about 30 per cent. Sb. 
Antimosan in 5 per cent. solution. One ¢.cm. contained 0-00625 gm. Sb. 
One c.cm. contained o-005 gm. Sb. 


Trypanosomes present or absent respectively. 
Malaria parasites present. Cases of malaria always received quinine though not noted. 


Lumbar puncture. 
Cerebro-spinal fluid. 
Cubic centimetre. 
Gramme. 


Names of months abbreviated and self-explanatory. 


Name, Sex, Age, 
Case History, 
No. | Diagnosed, 
Condition 


‘Treatment 


TABLE II 


| Blood 


examination, ete. 


Clinical notes. 


21 | Makurru, son of 
Kwimamba. 

M. 20. 

| Nal. 15.5.26. 

| Weak, wasted, 
mentally dull. 

Cervical and 
axillary glands 
slightly enlarged | 


15 May B.205 o75¢. 
5 Dec. BR. 34 ol g. 
7 » ” orl 


» I g. 


24 ” I 
1 Jan. 1 g. 
6 5, ” §- 

135 Ig. 

20 55 Atox. I g. 
1 Feb. Ig. 

yy ” Ig. 
1 Mar. “ g. 

28 May Sbsn. o3¢ 
2 June O°3 g. 

23 June 

3° 

1g July 

Atsn. 2 

as 3 c.c. 

-» 4 Cc. 
2 Aug ” 5 cc 

6 Sept - 2¢g. 

1355 2 

£0. 2g. 

206° > 


| 1§May ... Tr. + 
| ie Tr. + 
IZ 355 ove 
| _ sone Tr. + 
| 
| 3 Jan. Tr. o 
trae © 
| 
| 
Mar. ... © 
17April ... Tr. @ 
| 2 May 
20 4 Tr. + 
| 
| 23 June 
| MP 
| 13 Aug. ine Tr. o 
40. © 
Ee. 
» Tr. o 
tr. 
126 ,, Tr. o 


15 May. Gland puncture. ‘Tr. + 
2 Dec. Walked g miles to hospital. 
Thin, nervous, occasional head- — 
ache. 


be 


11 April. Still weak and thin. 


2 May. Fever. 


| 
| Case | 
| No. | 
| | 
| 
| | 
| | 
| 
| 
| 
| | 
| | 
| 
| | 
| 
| 
| | 
| | 
| 
| | | 
| | 
| 
| | 
| | 
. | 
| 
| 
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TABLE —continued 


| History, Treatment Blood examination, etc. | Clinical notes 
Diagnosed, | 
| Condition 
| Makurru (contd.) 5Oct. T-A g. 2 Oct. oie Tr. o | 2Oct. Has kept in good general 
| health. 
| 1355 ” 2 13 Oct. LP refused. 
| (Dr. Noble) 2 g. 
3 Jan. 3 
10 ” 3S: 
| 17 55 ” 3 
29 55 38: 
24 Feb. CSP ‘Tr. o | 24 Feb. LP. Cells 101 Globulin o. 
Bld. ‘Tr. o Ile is well-nourished. Fine 
tongue tremor. Says he has 
been farming. 
| 3 June B.205 1g. 3 June... Tr. + | 3 June. Returned. Says he is 
— so I g. well. Is same as on 24 Feb. 
7 » ” I §- 
1g. g June. Has no complaints. 
6 T-A 32. | 
23 5 ” 3 8: 
3° 55 ” 3: 
Kimori, daughter | 1g May Nil 19 May... Tr. o | 19 May. Avoided treatment. 
of Nyakichungu. (Gld.) ‘Tr. +- 
F.. 20. mie Tr. + | 28 Dec. Carried to hospital. 
1 month. 3o Dec. B.205 1g. | 31 3, Tr. o Very weak and wasted. 
19.5.26. I Jan. I g. 
Not wasted and! 6 ,, I g. 6 Jan. Tr. oj} 6 Jan. Fever and headache. 
can walk. » I g. 
Left cervical and |20 ,, Atox. 
right epitroch. | 1 Feb. a I g. 
glands slightly | 14 I g. 
enlarged. 1 Mar. I g. 
Macs te. 
23 April... Tr. it April. Strong well- 
5 May... Tr o nourished. 
29 Tr. o | 29 May. Headache. 
wile Tr. o | 31 May. Severe headache. 
ze Tr. o | 24 June. Headache and neck- 
MP ache. 
30 June B.205 1g. |27 ,, .» Tr. o | 27 June to 2 July. Vomiting, 
2 July “ 1 g. headache and neckache. 
| 6 ” I g. Fever on 29 June. 
| Mm Ig. 6 July. Much better. 
29 July _ Tr. o | 19 to 28 July. Keeps well. 
| Occasional headache. 
| 5 Aug. ... Tr. o| 5 Aug. Slight fever and head- 
ache. 
| 30 Aug. * I g. 30 Aug. Well and strong. 
8Sept. Tr. o 8 Sept. Headache. 
Tr. o | 11 Sept. Headache. 
18 Sept. Well and strong. 
4 Oct. Th. 
its Tr. o | roto 12 Oct. Evening fever and 
headache. 
= CSF Tr. + | 13 Oct. LP. CSF under pressure. 


i 


Patient is strong and well- 
nourished. 


Bee: 
lew. 


Name, Sex, Age, 
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TABLE Il—continued 


| 


| 
History, Treatment , Blood examination, etc. | Clinical notes 
Diagnosed, 
Condition | | 
Kimori (contd.) 16Oct. B.205 Ig. | 
(Dr. Noble) T-A 38. | 
5 Nov ” 38 | 
” 3 | 
4 Jan ” 
IT 4, 38 
18 99 3 | 
| 21 Feb. Bld. Tr. o| 21 Feb. LP. Cells 7. High 
| | MP pressure. Globulin 0. Well- 
| | CSF Tr. o nourished and cheerful. Head- 
| | ache frequent. Rat inoculated 
| with CSF. D 
g Mar. Rat not infected. | ( 
rApril Bld. ‘Tr. o April. Fever and headache. 
Tr. o 13 April. Daily fever since the 
1sApr. B.205 1g. |10 4, o| 15 April. Weak. 
55 Tr. o | 21 April. No fever and h®adache ew 
28 4 r-A 38: 28 April. Same. | 
5 May ” 3 8: | 
12 55 ” 38: 
19 5) ” 38 | | 
29 May. Stronger and feels well. | 
Has had no fever. | 
_ 31 May. Slight fever and head- 
ache for 2 nights. | 
1g June B.205 Ig. ig June CSF Tr. o | 19 June. LP. Cells 31. Globulin 
| slight. Rat injected. Has 
nightly fever and occasional 
| headache. Cheerful, well- 
nourished, but not strong. 
_ 20 June. Headache and neckache, 
| evening vomiting. 
29 June B.205 Ig. | | 29 June. Fever and headache at 
| | night. Rat negative. 
| | 
| Simiyu, son of 19 May B.205 075g. ; 19 May Tr. + | 1g May. Gland pucture Tr. -| 
| ‘Tanga. 4 Dec. Tr. + | 4 Dec. Walked g miles to 
| M. 26. 5 Dec. Soamin 1g. | 8 ,, Tt. ©} hospital. Little wasting. No 
1 month. Te. oedema. Swellings on right 
| 19.5.26. 55 Tr. o thigh and foot 
Rather weak, but Tr. o| 
/ can walk. 20 B.205 1g. |20 ,, Tr. + | 
Suboccipital. cer- ,, Ig. | | 
vical, axillary, 1 Jan. I g. 
and epitrochlear | ,, Ig. g Jan o g Jan. Slight fever. 
glands enlarged. 13 I g. « Tr. o 
Atox I g. 
1 Feb. I g. 
14 59 ” 


g = 
| 
i 
| Case 
é 
No. 
22 
| 
| 
| 
| 
| 
| 
| > 3 


te 


391 


TABLE Il—continued 


| 
Name, Sex, Age, | | 
Case History, | Treatment — Blood examination, ete. | Clinical notes 
No. Diagnosed, | | 
Condition | | 
Simiyu (contd.) 1 Mar. Atox. 1g. 11 Mar. _... Th: 
20 Mar... Tr. o { 20 Mar. Very strong and healthy. 
April... Tr o 
2 per Tr. o | 20 April. Complains of fever. 
MP ‘Temperature is normal. 
1 May aes Te 
| I June Te 
| Tk. © 
Tr. o | 3Aug. Remains wellandstrong. 
(Dr. Noble) | 22 June. Reported by dresser to 


re well. 


Nassagara, daughter| 21 Sept. Sb.212 2¢.c. | 21Sept. Tr. + 


of Mehta. Tr. + 
3 months. a» Bag 
| 21.9.26 1 Oct. * I g. 
| Weak and wasted. | 9 ,, ‘i Ig. 
| Cervicaland axillary| ,, 1g. 
| glands enlarged. |27 ,, Sb.212 4 c.c. 
« ace. | Tr. o| 3 Nov. Fever and headache. 
6 Nov. B.205_ 1g. Tr. o 
| T-A sg. {18 ,, o 
2g. 24 Nov. Still thin but stronger. 
5 Dec. ‘is 2 5 Dec. Stronger and stouter. 
| « 2 g. 
Ig Soamin rg. 
Atox. Ig. 28 Dec. Tr. o 
10 Jan. — Tr. © | 10 Jan. Plump and strong, slight 
13 Jan. Atox. Ig. fever. 
29 55 ” Ig. 
1 Feb. _,, I g. 
” Ig. 
1 Mar. I g. 
4 5, Morph. o-o2zg. | 4 Mar... Tr.o 4 Mar. Fits, stiffness of neck. 
te | 
Veronal 1g. 5 Mar. Fits ceased. 
6, EB.2og wg. 6 Mar. Fits returned for short 
9-31 Mar. time. 


‘2754’ 4 tabl. daily 
1April Sbsn. o-2¢. 
o3g. April... Tr.o | tr April. Slight fever. 


19 55 | 4, | 21 April. Stout and strong. 
o2g. |26 ,, Tr. o 
235 ” 

2 May ” O°3 g. 5 May vi Tr.o 5 May. Vomiting and head- 

9 » O°3 g. MP ache. 
16 ,, ” O°3 8- 

rr.o 
Tr.o | 16 June. Diarrhoea and melaena. 


| | Strong stercoralis. 


ace 
; 
= 


Name, Sex, Age, 
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TABLE II—continued 


Case History, Treatment Blood examination, ete. Clinical notes 
No. Diagnosed, ! 
Condition | 
23 Nassagara(contd.) 19 July B.205 1g. 29 July Tr.o 29 July. Headache. 
MP | 
2 Aug - Ig. 6 Aug. Tr.o | 5 Aug. Fever. 
Tr.o 8 Aug. Menstruating. 
Ig. Tr.o 1g Aug. Fever. 
Tr.o | 20 Aug. Fever. 
Tr.o 23 Aug. Fever. 
Ig. 31 Aug. Well, stout and strong. 
20 Sept. ,, Ig. 8 Sept 8 Sept. Headache and 
| fever. 
18 Sept. Well and strong. 
| 1g Sept. Slight fever. 
20 » Tr.o | 29 Sept. Slight fever. 
CSF =Tr.o =| 30 Sept. LP. Blood contam. 
Rat. inoc. 
14 Oct. Rat negative. 
| (Dr. Noble) 26 Oct. ‘e Ig. 26 Oct. Went home. 
3Jan. 3g. 
TO 55 ” 38 
| 117s 3g 
| (24 4 ” 
| 6Feb.... Tr.o 6 Feb. LP. Cells 15. Looks 
| CSF Tr.o very well. Allowed to go on 
leave. 
| nm « Bld Tr.o | 28 Feb. Returned. Severe head- 
| MP ache. 
| | 2Mar. Left. Is well. 
8 April Tr.o | 8 April. Returned. Fever and 

Ir ,, Tr.o headache. 

12-27 April, daily Ir April. Fever and headache 
| exam. Tr.o continue. Limb) pains and 
| oedema left arm. 

29 April B.205 1g. 28 April Tr. + 
| «May  ,, I g. 
Ig. 
§ ” I g. 9g May Tr.o | g May. ‘Temperature normi! 
12-19 May, daily since 6 May. To-night rot 
19 May T-A_ 2g. _ 12 May. Evening fever since oth. 
2 g. Foul vaginal discharge. 
| 4 June ,, 11 June freq. | 
| 32. exam. Tr.o | June. Regular evening fever. 
| | Quinine no effect. 
26 | Machapa, son of 24 Sept. Sb.212 4c.c. | 23 Sept. Tr. + | 
Wanungu. 15 Nov. B.205 Ig. 12 Noy. Tr.o | 12 Noy. Came to hospital. 
45. (24 Ig. 
| 14 months. | Dec Ig. 
23.9.26. is » I g. 
Weak and wasted. Ig. 
| Cervical, axillary 4,  =Atox. rg. 
and epitrochlear 15 Jan. Soamin. 1g. 22 Feb. Tro | 
glands slightly 23 Feb. B.205 1g. | 
| enlarged. (31 Mar. Sbsn. o-2g. | 30 Mar. Tr.o 
| 4 April | 8-12 April. Diarrhoea. 
113. 5, B.205 41g. | 13 April Tr.+ | 12 April. Fever. 
Ig. | CSF Tr. + | 13 April. LP. Blood contam. 


= 
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| No. 
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TABLE ftl—continued 


Case History, Treatment | Blood examination, ete. 
No Diagnosed, | 
Condition 
26 Machapa (contd.) | 19 April B. 205, Ig. 1 May Tr. 
| | 
| 123 9 99 I g. x Tr.o 
Ig. 
16 June Ig. | 
127 455 ” Ig. 
6 July Ig. 
| 
34 Siruri, son of 26 Sept. Sb.212 gee. | 25 Sept. Tr.+ | 
M. 24. 129 9 I g. 
3 months. [sg Nov. « Ig. 14 Nov. ... Tr.o 
25.9.26. » T-A 
Weak and some- ,, 2 g. 
what wasted,no 5 ,, 2g. 
Cervical glands 19 ,,  Soamin. 1g. 
slightly enlarged. 31 ,, Atox. Ig. 
Jan. I g. 
I g. 
Feb. I g. 
| sMar.  ,, I g. Tt. 0 
| w Tr.o 
| 14 April... Tr.o 
| 29 May ies Tr.o 
28 June Tr. + 
| 6 July ‘ia Tr.o 
| Aum $06 Tr.o 
| 2 Aug. 5 2 Aug ‘ Trio 
| § 4 ” Tr.o 
9 Tr.o 
| MP 
| a3Sept. Tr.o 
| (Dr. Noble). 
Yamuheva,sonof 27 Sept. B.205 ogg. |26 Sept. ... Tr. 4 
Nyamwenda. Ig. 
M. 45. 2G MOV. Tr 
2 months. 26 Nov. - Ig. 
26.9.26. 6 Dec. I g. 
Very weak and Ig. 
wasted. 28 Feb. Ig. 26 Feb. Tr.o 
Cervical gland Tr.o 
slightly enlarged. | 6 April... Tr.o 
16 May Tr.o 
| MP 


Clinical notes 


23 April. 
May. 


Ran away. 

Returned. Complains 
of drowsiness. Allowed to leave. 

12 May. Returned. Says he feels 
better and wishes to stay in 
hospital. 

16 June. Well nourished. 

20-24 June. Diarrhoea. 

25 June. Weak and anxious. 

6 July. Weak and unsteady on 
legs. 


7 July. Died in hospital. 


14 Novy. 


Very weak. 


Came to hospital. 
‘Tremor. 


10 Jan. Rather flabby and under- 
nourished. 


Strong and well. 


7 April. 


28 June. Headache. Refused to 
stay for treatment. 


Sept. LP. refused. Appears 
well in health. 
23 Mar. ‘ The chief says he died 
some time ago.’ 


Nov. Came to hospital. 
Good bodily state. 

6 April. Headache. 

16 May. Pains in head and 


limbs. 


| | 
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TABLE Il—continued 


N 
| Name, Sex, Age, | a 
Case | History, Treatment Blood examination, etc. | Clinical notes a 
No. | Diagnosed, | | No, 
Condition | 
35. | Yamuheva (contd.). | 20 May Tr.o | 22 May. Fever. Very weak on iy 
| legs. Left hospital. 
21 June B.205 Ig. 21 June | 21 June. Carried to hospital 
23 5 ” O*5 marked nervous signs. Cerebral 
irritation. Coarse tremors, 
Fever. 
CSF Tr. | 26 June. LP. Cells increased, 
| Died in hospital. 
36 | Matiga, son of | 3oSept. Sb. 212 gc.c. | 26Sept. Tr. + | 30 Sept. Came to hospital. 
Boosa. 1Oct. B.205 Ig. | 1 Oct. 
M. 25. Ig. | one Tr. ? 
5 months. 9 » ” I g. | 
26.9.26 27 , Atm. gcc. | 
| Weak and wasted | 30 ,, 5 30 Oct. Improved. 
but can walk | 13 Nov. B.205 1g. 
slowly. gDec. T-A_ 2g. 9 Dec. Tr.o | Irregular attendances. | 
Cervical and epi- | 24 Jan. Atox. tg. MP 
trochlear glands | 10 Mar. B.205 1g. 10 Mar. Tr.o 
slightly enlarged. | 21 ,, Ig. 
26 April Tr.o 
24 June Tr.o | 24 June. Apparently well. 
25 June. Headache. | 
26 june... Tr.o 26 June. Fever. 
27 June Morph CSF -Tr.o 27 June. Still fever and head- 
| B.205 Ig. | : ache. In evening quickly yo | Mur 
worse, semi-conscious. No 
| muscular rigidity. LP. cells 
| increased. | Nil. 
Bld. | 28 June. Retraction of head. | on 
% » Tr.o | 30 June. Died in hospital. cf 
39 | Mafunya, son of | Dec.’25 8 
Washima. | to 
M. 40. Jan.’26 B.205 Ig. 
Suspected of S.S. and T-A 3 by 3g. 6 May Tr.o 
| by Polit. Officer | 2g Sept. Sb.212 40¢.c. | 29 Sept. Tr. 
| ‘Nov. 1925. 1 Tr.o 
| Micr. diagnosis 3O0ct. B.205 Ig. | 3 Oct. Tre + | 
| 29.9.26. I g. 
| Well able to walk. | 16) ,, I g. 
gor 
B.205 14g. 
13 Nov - I g. | 13 Nov. Left hospital. 
13 Jan T-A 2g. 53 Jan Tr.+ | 13 Jan. Returned. Well and | 
2 Atox. Ig. oa Tr.o strong. Refused to stay. | (Dr 
14 Feb. I g. | 
8 Mar. B.205 1g. 8 Mar. Tr. + 
16 May 1g 15 May | | 
| ou July Tr.-+ | or July. Fever and pains. 
118 4, 4 
| | 1g July Sbsn. o3g. 19 ,, a Tr.o | 19 July to 16 Aug. Headache. 
| 2, Am acc. | 
26 4, ” 3 | 
29 55 gcc. 130 Tr.o 
| 2 Aug ” 5 8- | MP = 


i 
| 
| 
| 
| 
| 
i 
| 
| 
4 


Name, Sex, Age, 
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TABLE |lIl—continued 


Case History, | ‘Treatment | Blood examination, ete. | Clinical notes 
No. Diagnosed, | | 
Condition | | 
Mafunya (contd.) | 5 Aug. Atsn. | 1Aug. ... Teo | 
5g. | Tr.o | g Aug. Fever. 
12 45 te | @ Tr. + | 
(16 5, B.205 1g. | 
| 29 Aug. Neckache and slight 
| 6 Sept. 1g. | 6Sept. .. Tr.o fever. 
> Ig. | 20 ,, Tr.o | 18 Sept. Fever and headache. 
| | 2 aw on Tr.o | 23-27 Sept. Evening fever. 
| 250 “ Tr.o | 28 Sept. Vomited last night. 
| 26 4, pa Tr.o LP. Cells 125 but some red 
CSF Tr.o corpuscles. 
2Oct. T-A 2g. | 20ct. Bid. Tr.o 2 Oct. Complains of whole 
5 28 55 Tr.o body aching. 
(Dr. Noble) | 28 | 
,, ” | 
| 21 Nov. Leave given for 5 days 
| | but stayed away until March. 
| 20 Mar. ‘ Tr.o | 20 March. Returned. Well- 
2 Tr.o , nourished and strong. 
| Tr.o | 29 May. Blood has remained 
| negative. He has kept well. 
objects to LP. 
yo | Murigu, son of |23Sept. Sb.212 4 | 23Sept... Tr. + 
Kisamu. | | 24Sept... Tr.o 
| M. 45. 25 55 Tr.+ 
Nil. 23.9.26. _ Tr.o 
Cervical and right 28 ,, B.205 1g. | 28 ,, - Tr. + 
epitrochlear 1 Oct. Ig. | 
enlarged. 16 4, I g. 
| Sb ase gee 
2g » B.20§ Ig. 
13 Nov. o I g. 13 Nov. Left hospital. 
gjan. Atox. 1g. 7 Jan. Tr.o 
24 ” 1g. | 
|26 Feb. B.205 1g. | 26Feb.... } 
| 13May~... Tr.o | 
| 26 July an Tr.o | 26 July. Has kept well. 
| Pat ass Tr.+ | 1 Oct. Dresser sent to enquire. 
| | | Reports headache for 5 days. 
'16Oct. B.205 14. i » CSF Treo | 15 Oct. Arrived. Headache. LP. 
| | | Cells 172. 
| (Dr. Noble) 1g. | 27 Oct. Went home without 
| ! | leave. 
| Ig. | 
| | I g. | 1g Mar... Tr.o | 15 Mar. Well-nourished and 
119 55 1g. | seems well. Slight tremor 
| 23 “ 1g. | hands and tongue. 
,, T-A- 3g. | «April... Tr.+ | 14 April. Returned. Complains 
| § May - 3g. of headache and fever for last 
os 3g. 20 days. 
3 16 April. Vomited. Intense 


headache. 


396 


TABLE 1|l—continued 


| Name, Sex, Age, | 


Case | History, Treatment Blood examination, etc. Clinical notes 
No. | Diagnosed, 


Condition | 
40 | Murigu (contd.) | g- CSF Tr.o | 19 April. Headache less. 
| | 28 April. Much improved. 
| feeble and has headache. 
19 May. Still weak and _ leg, 
unsteady. 
25 May. Dimness of vision. 
| 7 June. Sight normal. Still weak 
and shaky. 
19 June. LP. Cells 46. Globulin 
slight. Rat injected. 
29 June. Rat negative. 


41 | Wazedcha, son of 2 Oct. Sb.212 2c.¢. 2 Oct. Tr.+ 


| M. 14. 7 B.205 o8g. ~ Tr.+ 
month. o8 g 
| 2.10.26. CSF Tr.o | 15 Oct. LP. Cells increased. 


Thin, feeble, dull. | 22 ,,  B.205 14. | 
Small glands. 27, Siesta | 


55 ” 4 
| 6Nov. T-A_ rg. 5 Nov. ... Tr.o 
15 ” I 
I g. 25 Nov. Left hospital. 
22 April 22 April. Brought back. Thin 
a Tr.o | but well. 
as | 
28; Tr.o 
MP 
6 May 6 May. Fever. 
Tr.o | to May. Fever. 
Tr.+ 15 May. Fever. 
17 May B.205 Ig. Tr. + | 
22 ” g. 
O75 
16 June O75 16 June. Fairly well. Still ver 
6 July T-A 15 thin. 
119 55 ” I°5 
126 ,, g. 
2 Aug. I°5 g. Aug. Left hospital. 
(Dr. Noble) | 10 Mar... Tr.o 10Mar. Thin, cheerful. Savs he 
| has been well all the time. 

g june... Tr.o | g June. Returned. Well, but 
still very thin. Bright and 
cheerful. 

2 July. Keeps well. 
43 Merana, son of Oct. B. 205 20 Oct. Tr. + 
Sehrri. a ‘a I g. 25 Oct. Improved. Wakes up 
MM. 43. from time to time. 
5 months. 28 Oct. Walks a little with help. 


| 20.10.26. 


Cannot walk. Con-) 8 Nov... I g. shew « Treo | 
tinually asleep. T-A tig. Tr.o | 12 Nov. Swollen face. 
| 24 Nov. Face better. 
| 5 Dec. I'5g 
” 2 


| 
= 
| 
| 
| | | | 
| 
; | Case 
| No. 
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(1 
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| 
| 
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TABLE Il—continued 


Name, Sex, Age, 
History, ‘Treatment Blood examination, ete. Clinical notes 
Diagnosed, | 
Condition | 
| 
Merana (contd.) 1g Dec. Soamin g. 
26 Dec. CSF Treo | 26Dec. LP. Cells not increased. 
31 Atox. g. 
g Jan. age Tr.+ | g Jan. Fever, headache and 
10 Jan. B.205 1g. Tr.+ body pains. 
I g. jini Tr.o 
Atox. ogg. !14 ,, Tr.o 
o-75g- | 5 Feb. 
7 B.205 1g. 
230 ” 
10 Mar. I g. 10 Mar. Tr. + 
10-26 » 2754” 
Mar. 4tab. daily 
21 Mar. B.205 1g. 6 April Tr.o 
Tr.o 
Tr.o | 13 April. Fever. 
| Tro 
| a Tr.o | 20 April. Fever and vomiting. 
| MP 
| Tr.o 
26 Tr.o 
Tr.o 
| 1May_... Tr.o 1 May. Fever and headache. 
| 2 » Tr.o 2 May. Fever and headache. 
7 9» Tr.o 7 May. Daily headache in spite 
MP of quinine. 
ae Tr.o | 12 May. Losing flesh. 
_ Tr.o | 21 May. Fever. 
_ Tr.o | 28 May. Fever continues. 
Tr.o | 16 June. Improving. Still thin. 
2 July Sbsn. g. | 20 June ‘ Tr.o Headache less. 
1Q g. | 19 July Tr.o | 19 July. Remains fairly well. 
a2 Atsn. 2.€.¢. 
126 ,, 
2 Aug. ee 2°5 g. 
Tr.o 8 Aug. Given 3 days’ leave. 
ae Sbsn. o2g. [21 ,, , Tr.-+ | 16 Aug. Returned. Well. 
Sz » Tr.+ | 21 Aug. Headache. 
TA egg. Tr.o | 23 Aug. Rat injected with 2 c.c. 
25 . Tr.o 
Tr.o 
I's 3° 4, Tr.o | 30. Rat negative. 
1 Sept. Tr.o 1 Sept. Feels well. Better 
6OSept. g. Tr.o nourished. 
5 Oct. I°5 g. 4 Oct. Tr.o 
» I°5 g. MP 13 Oct. Feels well. LP. refused. 
(Dr. Noble) 15 Jan. B.205 1g. 
I g. 
I g. 6 Feb. Tr.o | 6¥Feb. LP. Cells 64. Is fat and 
healthy looking. 


3 


Name, Sex, Age, 
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TABLE Il—continued 


Case | History, ‘Treatment Blood examination, ete. - Clinical notes 
No. | Diagnosed, 
Condition 
43. Merana (contd.) 29 Feb T-A CSF Tr.o 
| 8 Mar | 
x | | 5 April. Very well. Allowed 
| to go home. 
20 1 May. Fat and strong. 
5April ,, 3g. | 25 May. Keeps well. 
| 22 June. Well. Lives at home 
and attends for examination, 
44. Mukili, son of | 23 Oct r-A 2g. 23 Oct Tr. + 
M. 20. | Tr. + | 
3 months. | 3 Nov. B.205 1g. 3 Nov Tr. + | 
23.10.26. 8 “4 I g. 
Not wasted, but | 19 - I g. 
weak on legs. | 26 ,, " I g. 5 Dec. Strong and cheerful. 
Left cervical 1g Dec. 15 Dec Tr.o 
gland slightly | 31, Atox. Ig. 
enlarged. 13 Jan. és Ig. 8 Jan Tr.o 8 Jan. Fever. 
20 Ig. » Tr.o Jan. Fever. 
Feb. I g. 11 Mar. Tr.o 
=e Ig. Tr.o 
« Mar Ig. Tr.o 
gApril B.205 1g. 7 April Tr.+ | 7 April. Fever, etc. 
15 4 ” I §- 
19 45 ” 
—_ ss I g. 12 May Tr.o 1 May. Left hospital. 
I g. Tr.o | 28 May. Headache. 
MP 
17 June Tr.o | 17 June. Ieadache. 
1g July Sbsn. 1g July Tr.o 
Atsn. 
26 July. Headache. 
2 Aug : 5 cc MP | 
9 5 
MP | 
Tr.o rg Aug. Fever and headache. 
16 ,, Tr.o | 
Tr.o | 
a ns Tr.o | 27 Aug. Has had headache and 
28 4» Tr.+ | limb pains daily. 
29 Tr. + | 
30 Aug. T-A Tr. + 
| 31 Tr.o | 
1 Sept | 
| 
6 Sept 2g. 6 Tr.o 8Sept. Tremors of legs. lee! 
Tr.o very ill. 
| g9 CSF Tr.o | gSept. LP. Cells 31. Increased 
3 g- » Bld. Tr.o | pressure. 
Tr.o | 13 Sept. Generally improved. 
3g. a0 Tr.o | 20 Sept. Well. 
Tr.o | 26 Sept. Complains of difficulty 
| | 


in swallowing. 


| 
| 
: 
| | 
ie = 
| 
| 
| | | | 
: Case 
| No. | 
| | 
| | 
| 43 | AY 
| | 
| | 
| 
| 3 
| 
| 
| 
| 
| 
| 
| 
| (D 
| 
| 
46 | Ny 
| 30. 
Wi 


399 


TABLE Il—continued 


Name, Sex, Age, | 

History, | Treatment Blood examination, etc. | Clinical notes 

Diagnosed, | 

| Condition | 

| Mukili (contd.) 30 Sept. T-A 2g. 30 Sept... Tr.o | 

| 2 Oct. Left hospital. 

(Dr. Noble) | 26 Jan. 3g 26 Jan. Returned. 

2 Feb. 2 Feb. Left. 
16 May B.205 1g. 16 May... Tr.+ | 16 May. Returned. ‘Trembles 

1g. and staggers. 

20 May. Went home. 

I g. 29 May. Returned. Is a little 
Ss x» ie I g. better but still has fever and 
7 June 3g. trembles violently. 

TS yy ” 3 8: 

17 June. Dimness of vision, head- 

ache and fever. 

20 June. Still dimness of vision. 
| General body pains and head- 
| ache and is much depressed. 
| 22  EB.20g tg. 

_Maribwa, son of | 29 Oct. | 29 Oct. wth Tr. + 
Mtori. 1 Noy. 9 g. 
| M. 25. $» tg. Tr. + 
29.10.26. I g. 
| Emaciated, dull, | 26 ,, 1g. 26 Nov. Much improved. 
| weak, cannot |12 Dec. ‘T-A 2g. 
walk, right cer- | 19 ,, 2 g. 
vical gland ,, Atox. tg. 
slightlyenlarged. g Jan. I g. 13 Jan. Tr.o | 13 Jan. Neckache. 
1 Feb. 5 Feb. Tr. 
14 Feb. Atox. 1g. 
1Mar. ,, Ig. 11 Mar. ... Tr.o 
Tr.o 8 April. Left hospital. 
April... Tr.o 
13 May... Tr.o | 13 May. Well. 
Tr.o | 24 May. Well. 
30 June as Tr.o | 30 June. Well. 
26 July ni Tr.o | 26 July. Well. 
tSept.... Tr.o 1 Sept. Well. 
| Tr.o | 10 Sept. Well. 
| 6 » Tr.o | 26 Sept. Well. 
a via Tr.o | 30 Sept. Well. 
| (Dr. Noble) 13 Mar... Tr.o | 13 Mar. Says he is quite well. 
Tremor of tongue. Well- 
| nourished and strong. 
| sajase Tr.o | 22 June. Is fat, muscular, and 
| a » sae Tko looks well. Has been at work. 
| 
| | | 
Nyamurri, son of | 30 Oct. Sb.212 40¢.c. | 30 Oct. Tr. + 
Seibora. 1Nov. 4, § Tr.o 
| M. 25. & re Tr. + 
5 months. Ig. 
| 30.10.26. I g. 
_ Weak,wasted, can- 26 ,, ma Ig. 5 Dec. Headache and occasional 
walk. 12 Dee... Tr.o fever. 


Case 
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TABLE I1—continued 
| | 
_ Name, Sex, Age, | 
Case | History, Treatment Blood examination, ete. Clinical notes Case 
No. | Diagnosed, Xo 
| Condition pees 
46 | Nyamurri (contd.) |13 Dec. 1g. 12 Dec. Fever. ~ 
(| 
Cervical glands ,, 2 g. 13 Dec. Fever. 
| slightly enlarged. 28 Dee. Tr. + 
» B.aos Tr. + | 31 Dec. Deformed tryps. 
6 Jan I g. 
| 13 55 ” Ig. 
1 Feb. Ig. 
T4 5, ” ig. 
1 Mar “ Ig. 15 Mar Tr.o 
| Tr.o 
28 ,, Tro 
1 April Tr.o 
oe « Tr.o | 16 April. Left hospital. 
| 6 ,, Tr.o | 26 April. Well. 
2 May Tr.o 2 May. Fever. 
| 
MP 
Tr.o | 28 May. Well. 
27 June Tr.o | 27 June. Headache. 
20 July B.205 1g. 20 July rr.o 
5 Sept. Tr.o 5 Sept. Well-nourished. Look: 
| MP worried. Says he is well. 
” Tr. o 
(Dr. Noble) tt Nov. Tr.o | 10 Nov. Carried to hospital, 
2 » Tr.o Very weak. Severe headache. 
Tr.o 
| 14 Nov. B.205 Ig. a sa Tr.o | 14 Nov. LP. Cells 350. Pressur 
Ig. CSF Tr.o increased. 
i I g. 15 Nov. Delirious in night. 
Ig. 20 Nov. Greatly improved. 
27 , T-A 
4 Dec 3g: 
it 3g. 14 Dec. Dimness of vision. 
| 3g. | 23 Dec. Improved. Given leave 
| | of absence. | (D 
10 Mar 3g. | 9 Mar. Trio g Mar. Returned. Feels well. 
“i 3g. well-nourished and looks well. 
i“ 22. Slight tremor of tongue. 
| 31 3 & 
1 May “ 3g. 1 April. Given leave. 
1 May. Has kept very well. 
| 15 5 3 49 Mi 
3g. g June Tr. o g June. Greatly improved. Still 
slow of speech. Fine tremor M. 
of tongue. | Ni 
| 10. 
47. | Nyavuta, son of 5 Nov. Atsn. 4¢.c. 5 Nov. Tr. + | Ve 
M. 45. B.aog eg. Te. Oe 
3 months. Ig. | On 
Weak and wasted. | 26 ,, Ig. | 
Cervical glands 5 Dec = Ig. 
slightly enlarged.} 19 ,, Soamin. 1. | 
30, Atox. rg. | 
| g Jan 9 I g. 
20 ” Ig. 


49 


Name, Sex, Age, 
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TABLE Il—continued 


History, Treatment Blood examination, etc. | Clinical notes 
Diagnosed, | 
| Condition | 
Nyavuta (contd.) 1 Feb. Atox. 1g. | 
55 ” Ig. | 
1 Mar. ,, 1g. 21 Mar. tho | 
2 April Sbsn. o-2g. 2Apnl ... | 
4 ” 3» oe Tr.o 
7 » bee Tr.o 
| MP | 
Tr.o | 14 April. Fever. 
Tr.o | 16 April. No fever. 
9 Tr.+ | 
19 5 B.205 1g. 
239 ” 1g. 
26 5, ” Ig. | 
| §May ,, I g. | 
| TO 55 ” 1g. 
iG 1g. 
... Tr.o 
Tr.o 5 July. Psoriasis (Syph. ?) 
treated with Bism. Sod. Pot. 
‘Tart. 
27 July... Tr.-+- | 27 July. Pains in head and limbs. 
No fever. 
29 July. Mild mania. Refused 
injections. 
Tr.o | 30 July. Worse mentally. 
 Hyoscine. 
1Aug.... Tr.o 2-16 Aug. Excited and occasion- 
Tr.o ally violent. Hyoscine, Veronal, 
Tr.o Pot. Brom., etc. 
_ Removed to Asylum. 
26 Oct. Visited. Quiet, under 
control. Has had 1 g. B. 205. 
(Dr. Noble) 20 Dec. CSF  Tr.o 20 Dec. LP. Cells 253. CSF 
Bld. Tr. o not centrifuged. 
20 Jan. Diarrhoea. 
24 Jan. Convulsions. LP. 
| Pressure. 
| 31 Jan. Died in Musoma asylum. 
Massaga, son of | 10 Nov. B.205 1g. | 10 Nov. =... | 
Misaba. 115 Ig. 
M. 25. yy ” Ig. | 
Nil. i -w T-A 2g. | 25 Nov. Able to walk alone. 
10.11.26. 5 Dec. 4, 2 g. 
Very weak, cannot | ‘i 2g. 1 Jan. Tr.o | «Jan. Slight fever. 
Oedema of feet. 12 Jan. ee I g. | 10 Jan. Still rather weak. 
One left cervical 20 ,, Ig. 
gland very Fe Ig. | 
slightly enlarged. 11 ,, B.205 1g. 
21 Mar. BR68 025g. Mar. Big swelling at site of 
| I.M. | injection. 
10 April. Left hospital. 
23April... Tr.o 


Seay 
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TABLE IIl—continued 


Case History, Treatment Blood examination, etc. | Clinical notes 
No. Diagnosed, | 
Condition | 
49 | Massaga (contd.) | 5 May ... Tr.o 
Tr.o 
16 June Tr.o | 16 June. Headache. 
MP 
IgJuly Sbsn. 3g. 18 July Tr.o | 
(29 5 ” 4 ¢.¢. 
| 30 Aug. Trio 30 Aug. Welland fat. Irregular 
attendance for proposed course 
of antimony. 
10 Oct. Tr.o | 10 Oct. Well and fat. 
(Dr. Noble) | 10 June Tr.o 
| Tr.o | 12 June. Apparently well. 
| Tr.o 
| 
51 | Mkwabe,sonof 16Nov. BR34 I16Nov. Tr. + 
Marenya. | 17 455 Tr. + 
M. 25. | 
Strong and well- 26 sf Ig. 
nourished. 6Dec._,, 1g. 14 Dec. Fever and sore throat. 
Left cervical gland 13 ,, Ig. Bec. Te. 0 
slightly enlarged. ,, Ig. Tr.o 17 Dec. Recovered. 
i2Jan. Atox. rg. | 28 Feb. Left hospital. 
| 8 Mar. B.205 1g. 8 Mar. Tr.o 
| 24 April Tr.o | 24 April. Well and strong. 
| 21 June Tr.o | 21 June. Keeps well and strong. 
1o Aug. | 
2 Sept. Tr.o | 2Sept. Quite well. Hunts and 
MP farms. 
(Dr. Noble) 12 Mar. i Treo | 12 Mar. Looks and feels we'll. 
MP 
17 June R Tr.o | 17 June. Apparently quite well. 
,, Treo | 
19 
| 
52. | Nyamagori, Noy. Soamin. o-5g. Nov | 
daughter of | 20 45 (20 4, Tr. + 
Mibambura. 123 5» B.205 1g. Tr. + 
I. 32. 264, ” 1g. 
6 months. | 6Dec. 5 I g. 5 Dec. Much improved. 
g. 11.26. Ig. 11 Dec. Tr.o 
Wastedand cannot 20 ,, Ig. MP 
walk. 12 Jan. Atox. 1g. 8 Jan. Tr.o 8 Jan. Slight fever. 
Noenlarged glands. 20 ,, Ig. Tr.o 
1 Feb. Ig. 
Ig. 
1Mar. ,, Ig. 20 Mar... 7 April. Well strong. 
14 April Tr.o | Left hospital. 
| Mw 
5 May Tr. o 5 May. Ileadache. 
MP | 
25 June eve Tr.o | 
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TABLE Il—continued 


Case History, ‘Treatment Blood examination, ete. Clinical notes 
No. Diagnosed, | 
Condition | | 
| Nyamagori(contd.) | 19 July Sbsn. o-3¢. 19 July | 
29 4 C.C. 
2Aug. ,, | 25 Aug. Has not attended for 
| course of antimony. Reported 
| very ill. 
1Sept. ... Tr.+ | Sept. Reported dying. 
Dresser sent for blood slide. 
3Sept. B.205 1g. | 3 Sept. Carried to hospital. 
| Very weak and wasted. 
| 6 Sept. Died in hospital. 
53 | Mwishi, daughter | 20 Nov. Soamin. o*5 g. | 20Nov.... Tr. + 
Nyaheki. O58 (24 Tr.o 
| F. 25. | 26 55 Tr.o 
2 months. 28. Tr. + 

20.11.26. 6 Dec. ~ o5g. | 

Not wasted. osg. | 

Cervical and is Ig. 

axillary glands | 20 ,, Ig. 
enlarged. Atox. 1g. 6 Jan. 
12 Jan. ais I g. 
Ig. 
5, | 
14 45 I g. | 
1Mar. ,, Ig. | 6Mar._... Tr.o | 
| Tro | 
MP | 7 April. Left hospital. Is well, 
Tr.o strong and fat. 
| 7 May —_ Tr.o | 
| Tro | 
I June Tr. o 
1g July | 
Treo | 
15 Aug. Tro | 
| gSept. . Tr.o g Sept. Has kept quite well, 
strong, fat and cheerful. 

(Dr. Noble) | 3 May Tr. + 3 May. Returned. Not very fat 
but fairly well nourished. Says 
she is well. No tremor. 

22 June Tr.+ | 4May. Ran away at night. 
23 June B.205 1g. _ 22 June. Brought back. She is 
27° 4 % Ig. | fat and bright and says she has 
| no fever or pains, etc. 
| 27 June. Had sharp attack of 
| fever after first ‘ Bayer,’ and 
feels worse. 
| 29 June. Has run away. 
Marambaya, son of | 28 Nov. Sb. 212 2¢.c. 28 Nov. Tr.+ | 28 Nov. Gland punctured. 
Marimari. | 29 » Tr.+  Tre+ 
| M. 12. 2 Dec. 6 c.c. 2 Dec. Tr. 
| Nil. Tr.o | 6Dec. Watery diarrhoea. 
| 28.11.26. 135, B.205 o8g. | Teo. | 
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| 
Name, Sex, Age, | 
Case History, Treatment Blood examination, etc. Clinical notes 
No. Diagnosed, 
Condition 
54 | Marambaya (contd.) 
Thin but cheerful, | 15 Dec. B. 205 o8g. | 11 Dec. Tr. + 
said to be always | 20 ,, Ig. 
sleepy. 6 Jan “ Ig. 
Cervical and - Ig. 
epitrochlear 20 , Atox. rg. 
glands 1 Feb. - I g. 
enlarged. o8 g. 
«Mar. ,, o8 17 Mar. Tr.o 
29 55 Tr.o g April. Allowed leave. 
15 April Tr.o | 15 April. Well. 
95 
16 May Tr.o 
| 17 June Tr.o 
25 July Tr.o | 25 July. Has kept well. 
MP 
24 Aug Tr.o | 24 Aug. Complains of headache. 
28 Sept Tr.o | 28 Sept. Returned with help. 
Shaky on legs. Headache and 
neckache for 3 days. No fever. 
20 CSF Tr.+ | 29 Sept. LP. Cells tooo. 
30Sept. T-A 2¢ Bld. Tr.o 
5 Oct. 22g 9 Oct Tr. o 
» ” 22 I'r.+ | 13 Oct. Improved, walks un- 
aided. 
(Dr. Noble) ” 38: 
ae ” 3g Nov. Gradually became quite 
blind; lasted g days, then 
gradual recovery to normal. 
25 Nov. Sbsn. og. 
2 Dec. ols g. 
10 Dec. to 6 Feb. 20 Dec. Appears very well. 
Tart. Emet. 27Feb. CSE  Tr.+ | 27 Feb. LP. Cells 250. Globulin 
15 grs. in $ gr. present. Well nourished and 
doses every says he is well. Is _ getting 
2nd day. T-A in small doses. 
23.Mar. Bld. | 23 Mar. LP. Cells roo. Globulin 
CSF Tr.+ slight. Complains of fever. No 
headache. 
2 July. Has had Bayer 25, 
I, I, 2, 2g. in 17 days, from 
25 Mar. I. V. combined with 
small intrathecal doses. 
fairly well and CSF-Tr. o. 
57 | Wambura, son of | 5 Dec. BR34 org. 5 Dec. Tr. + 
Kihango org. | 10 4, Tr. o 
M. 30. 5 15 55 Tr.+ 
5 months 4 I g. 
5-12.26. 24 55 I g. 
Slight wasting. Can! ,, Ig. 1 Jan. Tr.o 1 Jan. Slight fever. 
walk. 6 Jan I g. 
Large axillary | 13 I g. 
glands. Cervical | 20 ,, Atox. 1g. 
and epitrochlear | 1 Feb. > I g. 
| glands, slight | 14 ,, Ig. 
' enlargement. 1 Mar 2 Ig. 14 Mar. Tr.o 
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Name, Sex, Age, 


Case History, | Treatment _ Blood examination, etc. | Clinical notes 
No. Diagnosed, | 
Condition | | 
| 


$7 ~Wambura (contd.) |18 Mar. Sbsn. o-2g. 17 Mar. ... Tr. + 


O3g. | 20 ,, Tr. + 
| Tr.o | 
| 123 4, 
125 95 tne 
Tr.o 
| FO 9 Tr.o | 
4April Sbsn. g. | 3» Tr. + | 
9 ” O38 | 
12 55 ” | 
o3g. |14April ... Tr.o | 
| 19 55 ” | | 
123 ” Fe 1 
(26 ” O38. | 
| 3° 459 ” | 
3 May | 
| 7 9 
| 9 o3g. | 
o3g. |28 May... Tr. 
130 45, B.205 1. | 
| I g. | 
i” - 1 g. | 18 June. Keeps well and strong. 
2305 ” 1g. 
130 45 I g. | 1g July. Keeps well. 
| 7 July Ig. | 28 July. Pains in head and body. 
» 99 1g. 28 July Tr. + | 
29 4, BR68 o2g, | 30 55 Tr.o | 29 July. Febrile reaction. 
| Aug. o2g. |1I-gAug.... Tr.o | 2 Aug. Feels well. 
O3Zg. | 12 45 Tr. o 5 Aug. Slight reaction. 
O3g. 119 4, ‘on Trio 12 Aug. Febrile reaction. 
32. 26 Tr.o 1g Aug. Febrile reaction. 


| 26 Aug. No febrile reaction. 
o3g. |18Sept. ... Tr.o 6 Sept. Absent, home affairs. 
Le Tr.o 3 Oct. LP. refused. Injection 


| refused. 
10Oct. T-A 2g. |10 4, oe Tr.o | 10 Oct. Returned. Headache. 
| | | LP. refused. 
(Dr. Noble) -21Feb. B.205 1g. 21 Feb... Tr.+ | 21 Feb. LP. Cells 391. Glob. o. 
I g. CSF Tr.o Well-nourished and strong, and 
6 May 1g. | 4May Bld. ‘Tr.+ been farming. Fine tremor 
» of hands and tongue. 
[ie - I g. | 2 Mar. Has run away. 
I g. | 2 May. Returned. Says he is 
T-A 3g. | well. 
| sJune 
12 55 ” 3 
3g. | July Tr.+ June. Improved. 
| 


: 
| 
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| 


Case History, Treatment Blood examination, etc. Clinical notes 
No. Diagnosed, 
Condition | | 
58 Wanchota, daughter; 6 Dec. B.205 o 5g. | 5 Dec. Tr. + 
of Yamuhanga osg. | | 
(wife of 57) I g. | | 
it I g. 
4 months. Ig. | 
5-12.26. g Jan. Atox. tg. | | 6 Jan. Cheerful and strong, 
Not much wasted. | 20 ,, Ig. 
Can walk. Large | 11 Feb. B.205 1g. | 11 Feb. Trio 
axillary glands. | 23 ,, Ig. 14 Mar. Tr.o 
Cervical slightly. | 19-26 Mar. 19 5; Tr. + 
°2754’ tab. 6 daily | 21 ,, Tr. + 
23 Mar. - 10 Ap. 
every 2 days 
Tr.o | rt April. Keeps well and strong. 
15April_... Tr.o 
Tr.o 
19 4, Tr.o 
33 Tr. + 
24 April B.205 1g. Tr. + 
Ig. 
20 Ig. | 1 May Tro 
5 May 1 g. 
Ig. 
6 1g. 
20 June... Tr.o | 17 June. Keeps well. 
Tr.+ | 25 June. Headache. 
| 28 June. Fever and headache. 
30 June Sbsn. o 3g. | 1 July Tr.o | 1 July. Better. 
4 July ” | 2 Tr.o | 
ia O°3 g. Tr.o | 
Atsn. 
| 26 July. Complains of headache. 
4 Treo | 30 July. Complains of headache. 
2 Aug cx. 
5 C.c. 5 Aug. 
16 , B.205 1g. Tr. + 
8 ,, I g. _ 18 Aug. Improved. 
mo» 9 I g. 8 Sept. Tr. o 8 Sept. Well. Short leave. 
22 Sept. i I g. ae Tr.o | 21 Sept. Severe headache and 
neckache for 5 days. Vomiting. 
T-A 2¢ 6 Tr.o | 26 Sept. LP. Cells 250. 
CSF OTr.+ 
Bld. Tr.o 
30ct. 2¢ 2 Oct. Tr.o 2 Oct. Severe headache. 
Oct. Severe headache. 
(Dr. Noble) 1 May Tr. + 1 May. Carried to hospital. 
2 May B.205 1g. 2 May. Thin extremely 
Ig. feeble. ‘Tremor of hands «nd 
Ig. tongue. 
ig. | 15 May. Greatly improved. 
im T-A 3g. |18 ,, CSF Tr.o | 18 May. LP. Cells 178. Still 
| 


weak. No fever. 
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Name, Sex, Age, 
History, Treatment Blood examination, etc. Clinical notes 
Diagnosed, 
Condition 
| 
Wanchota (contd.) |22 May 3¢. 
3g. 15 June. Fever and diarrhoea. 
5 June 15 June Bld. Tr.o | 17 June. No diarrhoea. 
Tr. + | 30 June. Evening fever for past 
6 days. 
Machota, son of 8 Dec. Soamin. o°5 g. 8 Dec. ‘i Tr. + 8 Dec. Gland Puncture. Tr. o. 
M. 14. 16 , B.205 1g. Tr.-+ | 15 Dec. Fever. 
1 month. I g. 
| §.12.26. a4 55 I g. 
Thin, but not |3o0 ,, I g. 1 Jan. Tr.o 1 Jan. High fever. 
wasted. Can | 6 Jan. ‘ I g. 
walk. One tense | ,, Ig. 
large cervical | 20 ,, Atox. Ig. 
gland. 1 Feb. Pn I g. 
55 ” Ig. 
1 Mar. I g. 14 Mar... 
28 April Sbsn. 0-3 g. | 28 April Tr.+ | 28 April. Headache. 
2 May ” O38 129 55 Te. +} 
O3g- |30 ,, ‘ Tr.o 
9 » ” O°3 
12 55 ” 
16, ” O°3 
19 » ” O°3 &- 
230 O°3 
28 g. 
3° 55 ” 
3 June O°3 g. 18 June. Well. 
5 July 
1g July B.205 1g. 
2 Aug. “ I g. 
16 ,, ” Ig. 
40 I g. 30 Aug. Remains well. 
9Sept. =... Tr.o 7 Sept. Slight fever. 
10 Sept. Well. 
25 ov Tr.o j 25 Sept. Fever and headache. 
27Sept. I g. Tr.o | 26 Sept. Well. 
10 Oct. Keeps well. LP. refused. 
(Dr. Noble) 23 Nov. B.205 1g. Nov. ‘He was unwell at end of 
28 I g. Oct. and into Nov.’ Blood 
1 Dec. - I g. frequently examined and 
30» ” I g. remained negative. 
T-A 2g. 11 Dec. CSF Treo | 11 Dee. LP. Cells 11g. Globulin 
2g. 
1 Feb. 2g. 
T5 ” 
- 2¢. 23 Mar. Well but thin. 
16June Bld. Treo | 16 June. Fever and headache. 
MP | 17 June. Better. 
55 ass Tr.o 3 July. Quite well. 


\ 
Sin 
| 
~— 
pee: 


408 


TABLE Il—continued 


| Name, Sex, Age, | N: 
Case | History, | ‘Treatment Blood examination, etc. | Clinical notes Case 
No. | Diagnosed, No. 
| Condition | | 
| 62 | Bag 
| 0 
60 | Mabura, son of 13 Dec. Atsn. 3 .c. 12 Dee. Tr.+ | 21 Dee. Worse. Weak, wasted. (1 
| Boga. 4 ¢.¢. 6 Tr.+ tremulous. Cannot 
3 months. 55 » Tr. + | 16.1 
12.12.26. B.205 Wa: 
Not much wasting. | ,, Ig. 
Cervical, axillary, | 6 Jan. ra Ig. 6 Jan. Improved. Can yah fe 
and epitrochlear | 13. ,, Atox. Ig. a little. cl 
glands enlarged. | 20 ,, Ig. 
1 Feb. I g. 
Ig. 
1 Mar. Ig. 12 Mar... 
5, B.205 1g. Tr.o | 2g Mar. Very weak. 
| 15April Sbsn. g. 16 April. Allowed short leave. 
(2305 Tr.o 22 April. Dull mentally. 
| 26 5, O°3 g. 4 May Ft. 0 
6 May O°3 g. 
| 28 June Tr.o | 28 June. Brought for examini- 
24 July Tr.+ tion. Dull and stupid. 
| | MP | 
| Tr.+ 25 July. Ran away. 
1 Sept. Tr. o 1 Sept. Apparently well. 
(Dr. Noble) 16 B.205 14 Feb. Tr.o | 
118, Ig. Tr.o | 16Feb. LP. Cells 1016. Globulin 
Ig. Tr.o present. Weak, shaky, ver 
26 ,, I g. CSF | thin. 
4 Mar. T-A | 23 Mar. Improved. Fatter and —— 
3 g- stronger. Given leave to Bogs 
3 ;, month. M 
‘9 3g. | 2 July. Not returned. Recenth M. | 
seen by dresser and reporte: 2 m 
well. 
| 
| Ay 
61 | Nvamuhega,sonof| 15 Dec. BR34 15 Dee. Tr.+ | 15 Dee. Gland puncture. --. en 
| M. 25. Teo 
| 2 months. 23.5, B.205 Ig. Tr. + | 
| 15.12.26. I g. 
| Not much wasted. | 7 Jan. 9 I g. 13 Mar. THO | 
Weak, but can} 13. ,, Ig. 19 5, Tro | 
| walk slowly. |20 ,,  Atox. 1g. 2 April Tr.o | 7 April. Left hospital. Wee 
Cervical and | 1 Feb. Ig. Tr.o | and strong. 
epitrochlear a 9 I g. 6 May Tr.o | 
| glands enlarged. | 1 Mar. I g. Tr.o 28 Aug. Well and strong. 
23 June Tr.o Dancing vigorously at nati\¢ — 
6 Aug. Tr.o | dance. Mack 
| (Dr. Noble) 23 Mar. Tr.o | 23 Mar. Very well and strong. 
| | MP | (son 
| 3 June Tr.o 3 June. Well. a M. 4 
20 June. Blood has remained mo 
negative and he is wel! «ni I4.1.: 
strong. 
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TABLE Il—continued 


Case History, ‘Treatment Blood examination, ete. Clinical notes 
No. Diagnosed, 
Condition 
62  Baginni, daughter | 16 Dec. B.205 1g. Tr. + 
of Kitchengeri | 19 ,, - rg. | 8 Jan. ik Tr.o 6 Jan. Oedema gone. Able to 
(mother of 57) | 30 ,, 1g.  |16Mar. Tr.o walk a little. 
45. 6 Jan. I g. ._Tr.o | 8 Jan. Fever. 
5 months. » 9 1g. | 4April. Tr.o. | 13 Aprél. Left hospital and 
16.12.26. Atox. 1g. Me Tr.o walked ten miles. 
Wasted, cannot | 1 Feb. a I g. 20° ae Tr.o | 29 April. Headache. 
walk. Oedema of | 14 ,, I g. MP 
feet. No glands | 1 Mar. ,, I g. 1 May... Treo | 1-23 May. Headache and evening 
enlarged. Ws 5 Tr.o fever in spite of quinine daily. 
« Trio 
Tr.o 
Tr.o | 26 May. Much weaker. Losing 
flesh. Cannot walk. 
28 May B.205 Ig. 
3 June I g. 
16 -,, I g. 13 June Tr.o | 16 June. Demented. Cannot 
- I g. : | 30 June. Can walk a little. 
1g July 1g July. Weaker. 
2 Aug. ” Ig. | 2 Aug. Can sit up. 
8 Aug. Walks a little. 
Ig. 16 Aug. Weaker. 
18 Aug. Difficulty in swallowing. 
13 Sept. ‘i Ig. $Sept._... Tr.o. | 13 Sept. Helpless. * Wet and 
dirty.’ 
25 Sept. Same state. 
10 Oct. Died in hospital. 
Boga, son of 7 Jan. B.205 14. 7 Jan. Tr.+ | 
M. 50. Ig. 
2 months. Atox. Ig. 
Baty. 1 Feb. 99 I g. 
Weak, wasted. | 14 ,, Ig. 
Oedema of feet. | 1 Mar. - Ig. 
Axillary glands | 18  B.205 1g. 16 Mar... Treo | 10 April. Swelling lower jaw. 
enlarged. 2May I g. 21April_... Tr.o | 25 April. Daily headache. 
” g. Tr.o 2 May. Daily headache. 
12 55 ” 
I g. 23 May. Slight improvement. 
» I g. 30 May. Stronger. 
23 June s I g. 7 June. Much better. 
6 July pe I g. | 9 July. Has lost flesh and is 
| weaker. 
| 26 July. Difficulty in swallowing. 
| Very weak. 
| 29 July. Died in hospital. 
Machapa, son of | 15 Jan. Soamin. o-2 g. | 14 Jan. one Tr. + 
Wambura « Tr. + 
(son of 57) 20 ,  Atox. ogg [25 Tr.o 
M. 4. Fs is Tr. + | 22 Jan. Slight arsenical poisoning. 
months. Baog ogg. Tr. + 
14.1.27. 2 Feb. g. . 
Well - nourished | 11 ,, g. | 
said weak in legs. | 23. ,, - O°3 g. 
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! 
Name, Sex, Age, 
Case History, Treatment _ Blood examination, etc. Clinical notes 
No. Diagnosed, 
Condition 
66 | Machapa (contd.) 
_ Cervicalandaxillary, 7 Mar. B.205 0-3 g. 
glands enlarged. | 22 ,, g- , 20 Mar. 
| (23April Tr.o 23 April. Oedema right upper 
| | eyelid. 
24 April. Oedema gone. 
| 6 May B.205 05 g. 5 May Tr. + 5 May. Fever. 
16 ,, ” 
3 June g. 
10 4, ” | 
27 os5g. | 6 July. Keeps well. 
igJuly 5 
2 Aug - O°5 g- 5 Aug. Tr.o 5 Aug. Fever and rigor. 
| MP |, 
90 » Ogg. | 2F Tr.o 27 Aug. Fever. 
27 Sept o5g. 27Sept. Tr.o 27 Sept. Well. 
MP 
| (Dr. Noble) 1g May Tr.o | 19 May. Fever. Spleen big. 
| 1 June OF | 25 55 Tr.o No headache. 
Tr. + 5 June. Arm swollen at site o! 
io June... Tr.o injection. Still evening fever. 
Tr.o 
3 July g. 27 June. Arm improved. 
67 | Nyambura, 28 Jan. Atox. Ig. 28 Jan. Tr.+ 31 Jan. Epileptiform fits. 
daughter of 31 Morph. & |  Opisthotonus. 
Kisseko. Caffein. 
F. 20. 1Feb. B.205 14. 3 Feb. Conscious. Neck less stil, 
6 months. Caffein | 
28.1.27. 4 B.205 1g. 
Wasted and weak. | 10 Ig. 11 Feb, Sitting outside house. 
Oedema of feet. 14 ,, <Atox. Ig. 
Cannot walk./17 ,, B.205 1g. 23 Feb. Walks about. 
Left cervical | 26 ,, Ig. 
glands very | 9-31 Mar | 
slightly enlarged. |‘ 2754’ tab. 4 daily. 
14 Mar. B.205 1 g. | 
April Sbsn. | 
305 ” O°3 &- 
g. 28-29 April. Uterine bleeding. 
O°3 g. said not menstruated for 
O°3 g. 30 April. Bleeding ceased. 
3 May g. 
7 » ” 0°3 
10 45 ” O38: 
” O°3 &- 
13 June... Tr.o 4 June. Headache and bod 
pain. 
13 June. Weak and has lost flesh. 
| 14 June. Vomiting. 
Tr.o | 17 June. Better. 


2 July. Stronger. 
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| Name, Sex, Age, 


History, Treatment Blood examination, etc. | Clinical notes 
Diagnosed, 
Condition 
Nyambura (contd.), 6 July B.205 1g. | 
Ig. | July. Well. 
2 Aug. - Ig. 12 Aug. fon Tr.o 12 Aug. Fever. 
MP 13 Aug. Vomiting. 
15 Aug. Better. 
tg Aug. Well. 
(Brg, ” I g. 31 Aug. Keeps well. 
2 Sept. Left hospital. 
20 Sept. ig. | 20Sept.... Tr.o 20 Sept. Well and strong. 
| (Dr. Noble) 
| 7Dec. Tro 7 Dec. Brought to hospital very 
| ill. Given iron and strychnine 
17 Feb. I g. Feb aus Tr.o mixture. 
| Ig. Feb. On return of Dr. N. from 
45 I g. Musoma, surprised to find her 
ae < Ig. improved and able to walk. 
| 8Mar. T-A_ 2g. 23 Feb. LP. refused. Greatly 
as 3g. 22 Mar. Much improved. Still 
3 g- very feeble. 
(2gApril 38 29 April. Much stronger and 
| 6 May ps 3g. walks about freely. 
13 May. Greatly improved and 
| 20 4, pe 3g. can climb hills, etc. 
June. = Well, bright and 
cheerful. Putting on flesh. 
| Menstruation regular. No 
| tremor. 
30 June. Keeps well. 
_Kitangosa,sonof | g Feb. Atox. rg. 8 Feb... Tr. + 
| M. 20. Tr.o 
8.2.27. 16 ,, Tr. o 
Thin and rather i ,, ‘an Tr. + 
weak. 
Left cervical gland | | 
enlarged. 


22 Feb. B.205 1g. 


7 Mar. Ig. 13 Mar. 
Ig. 26April ... Tr.o 16 April. Left hospital. 
12 May... Tr.o 
21 May Sbsn. o-2g. 10 Tr.-++ | 20 May. Fever. 
26 ” g- 23 eee ‘Th 


39 55 ” O°3 
3 June 0°3 g. 14 June Tr.o 
,, ” O°3 
(20 ” g. 21-26 June. Mumps. 
127 49 
g. 4 July. Keeps well. 
19 55 ” 
Atsn. 
126 4, wi see. Tr.+ | 21 Aug. Says he feels well. 


> 
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TABLE Ill—continued 


Case History, Treatment _ Blood examination, ete. Clinical notes 
No. Diagnosed, 
| Condition | 
66 | Machapa (contd.) | 
Cervicalandaxillary, 7 Mar. B. 205) o-3¢ 
glands enlarged. | 22 ,, , 20 Mar. 
| MP 
(23April Treo 23 April. Ocedema right upper 
| | eyelid. 
24 April. Oedema gone. 
6 May B.205 05 g. 5 May Tr. + 5 May. Fever. 
| 26 g- 25 May. Well. 
3 June g. 
160 4, ” O58: 
osg. | 6 July. Keeps well. 
igJuly 4, 
2 Aug - O°5 g. 5 Aug. Tr.o 5 Aug. Fever and rigor. 
MP 
27 Sept ogg. (|27Sept. ..: Tr.o 27 Sept. Well. 
MP 
| (Dr. Noble) Tr.o 19 May. Fever. Spleen big. 
| 1 June (26 Tr.o No headache. 
158 5 5 June. Arm swollen at site ot 
loJune... Tr.o injection. Still evening fever. 
L Tr.o 
3 July g. 27 June. Arm improved. 
67 | Nyambura, 28 Jan. Atox. 1g. | 28 Jan. Ir.-+ 31 Jan. Epileptiform fits. 
daughter of 31,5, Morph. & Opisthotonus. 
Kisscko. Caffein. 
| F. 20. 1 Feb. B.205 14. 3 Feb. Conscious. Neck less still. 
6 months. Caffein 
28.13.27. 4 5 B.205 1g. 
Wasted and weak. | Io ,, és Ig. 11 Feb, Sitting outside house. 
Oedema of feet. Atox. tg. | 
Cannot walk. ,,  B.205 1g. 23 Feb. Walks about. 
| Left cervical | 26 ,, I g. 
glands very | 9-31 Mar | 
slightly enlarged. |‘ 2754’ tab. 4 daily. | 
14 Mar. B.205 1 g. | 
rApril Sbsn.  o-2 g. 
g. 28-29 April. Uterine bleeding, 
i g. said not menstruated for 
19 » g. 4 months. 
as g. 30 April. Bleeding ceased. 
26 ,, g- 
3 May O°3 g- 
1O 55 ” O38: 
” &- 
13 June Tro | 4June. Headache and bods 
| pain. 
' 13 June. Weak and has lost flesh. 
| 14 June. Vomiting. 
Tr.o | 17 June. Better. 


2 July. Stronger. 


68 
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Name, Sex, Age, 


TABLE [l—continued 


| 

| 

| . 

Blood examination, ete. 
| 


Case History, Treatment Clinical notes 
No. Diagnosed, 
Condition 
67 Nyambura (contd.) 6 July B.205 1g. | 
Ig. | 19 July. Well. 
2 Aug. - Ig. 12 Aug. a Tr.o 12 Aug. Fever. 
MP 13 Aug. Vomiting. 
15 Aug. Better. 
tg Aug. Well. 
I g. 31 Aug. Keeps well. 
2 Sept. Left hospital. 
| 20 Sept. Ig. |20Sept.... Ir. o 20 Sept. Well and strong. 
| (Dr. Noble) | 
| 2... ae Tr.o 7 Dec. Brought to hospital very 
| | ill. Given iron and strychnine 
17 Feb. ig Feb. Tr.o mixture. 
| - w ™ Ig. Feb. On return of Dr. N. from 
| | 20 yy “ Ig. Musoma, surprised to find her 
| t= ss Ig. improved and able to walk. 
|8Mar. 2g. 23 Feb. LP. refused. Greatly 
| 22 Mar. Much improved. Still 
« 3 g- very feeble. 
-2gApril 3 29 April. Much stronger and 
| 6 May ~ 3g. walks about freely. 
3 13 May. Greatly improved and 
| 20 4, ” 32g. can climb hills, etc. 
| 7 June. Well, bright and 
| cheerful. Putting on flesh. 
| Menstruation regular. No 
tremor. 
30 June. Keeps well. 
6§ | Kitangosa,sonof | g Feb. Atox. tg. 8 Feb. ia Tr. + 
| M. 20. Tr.o 
2 months. Tr. o 
Thin and rather Tr. + 
weak. 
Left cervical gland | | 
enlarged, 
22 Feb. B.205 1g. 
| 25 55 ” Ig. 
| 7 Mar. Ig. Tr.o 
Ig. 26April Tr.o | 16 April. Left hospital. 
12 May Tio 
21 May Sbsn. o-2g. | 20 ,, Tr.-+ | 20 May. Fever. 
3° 55 ” 8- 
3 June ,, | 14 June wi Tro 
16 ” ” O°3 8: 
« g. 21-26 June. Mumps. 
27 ” O°3 
3° 55 ” O*3 
| | 4 July ae O°3 g. 4 July. Keeps well. 
19 55 ” 
| | Atsn. 
| . gcc. |apAug. Tr.+ | 21 Aug. Says he feels well. 
fips Tr.o 
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Case | History, Treatment Blood examination, etc. Clinical notes 
No Diagnosed, 
Condition 
68 | Kitangosa (contd.) |30 Aug. T-A 2¢. 30 Aug Tr.o 
sw » Tr.o | 31 Aug. Headache. 
1 Sept Tr.o 1 Sept. Headache. 
Tr.o 6 Sept. Appears well. Leave 
Tr.o for 3 days. 
Tr. o 
22 Sept " 2 g. 22 Tr.o | 22 Sept. Returned. Says he i: 
» 2g. MP well. 
5 Oct “ 2g. ae Tr.o | 30 Sept. LP. refused. 
| 9 Oct. Tr. + 9 Oct. A few badly staining 
trypanosomes. 
| (Dr. Noble) tt Dec. B.205 tr Dec. CSF Tr.-+ | 11 Dec. LP. Cells 293. Globulin 
13 Ig. present. 
4 Ig. 
7 , Ig. 
24, T-A 3p. 
31 38: 
3g. 
14 45 
13 Mar 3g. 13Mar. Bld. Tr.o | 13 Mar. Strong and 
7 April 3g. 7 April Tr.o 7 April. Well. Given leave. 
7 May 3 g- 7 May Tr.o | 26 May. Well. 
20,4, 3 g- 
4 June _,, 3g. 4 june... Tr.o 6 June. LP. Cells 47. Globulin 
3g. CSF Tr.o slight. Is well. 
Rat injected. 15 June negative. 
70 | Safari,son of Boga | 11 Feb. B.205 g. | Feb. rr. + 
(son of 64). i « 9 Org g. 
M. 7. o-sg. | 14 Mar. Tr.o 
Not ill. 14 Mar. __,, O°5 g. 2 April Tr.o | 16 April. Left hospital. 
Trypanosomes Tr.o 
found by chance. 5 May Tr.o 
| 1.2.27. Tr.o 
| Small left cervical 27 Tr.o | 27 May. Headache and fever. 
gland. MP 
20 June Tr.o 
Tr.o | 23 June. Headache. 
| MP 
Tr.o 
25 July Tr.o 
5 Sept Fe..0 5 Sept. Keeps well. 
| MP 
13 Oct Tr.o | 13 Oct. Welland strong. 
MP 
(Dr. Noble) 23 Mar Tr.o | 23 Mar. Quite well. 
MP | 1g June. Seen by dresser. We'll. 
Refused to attend hospital. 
7% Maringo, son of 12 Feb. B.205 10 Feb. Tr.o 
Riagata. 15 Ig. Tr.o 
| M. 30. I g. 12 Tr. + 
| 2 months. 8 Mar a Ig. 
52.2.27. Ig. 11 April. Strong and well- 
| Weak. Tremor. 15April Sbsn. o-3g. | 26 April Tr.o nourished. 
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TABLE Il—continued 


Treatment Blood examination, ete. 


Maringo (contd.) 


Walked to hospit al. MP | 16April. Left hospital. 
No glands. | (26 July Tr.o | 26 July. Well. 
| 2aSept, ... Tr.o | 22 Sept. Well and strong. 
(Dr. Noble) 123 Mar... Tr.o | 23 Mar. Quite well. 
| gJune... Tr.o | g June. Quite well. 
Nyanumbu, 8-15 Mar. t Mar. Tr. + 
daughter of 2754" tab. 6 daily. | 10 ,, we Tr. + 
(wife of 37). | 134 Trio 
F, 2g. 116 ,, Tr.+ | 
} months. » Tr.+ | 
3-29. 18 Mar. B.205 1. 
Very weak; can- | 22. ,, I g. 
Right cervical 8April Ig. | gApril ... Tr.o | tt April. Weak and dull. 
glands enlarged. ,, 1g. Tr.o | 
I g. 6 May Teo | 
19 May Sbsn. o 3g. | MP | 
(230 o3g- | 8 rr.o 
26 4, O38: | MP | 12-13 May. Slight evening fever. 
| 3° 5 ” | 
| sg O3g- | 13 June... Tro | 
at | 23 4, Tr.o | 30 June. Still weak. Left 
hospital on death of her 
| | husband (Case 37). 
| 24 July ia Tr.o | 24 July. Dresser sent. Reports 
very ill and cannot stand. 
|20 Aug... Tr.o 
| |IgSept.... Tr.o 12 Oct. Dresser reports helpless, 
Tr. o wet and dirty.’ 
(Dr. Noble) | 23 Mar. ‘Chief says she died 
| ' months ago.’ 
Gambamara, son of 17-24 Mar. 27 is Tr. + 
Matonge. ‘2754’ tab. 6 daily. Tr.o | 
M. 30. | 
14 months. Tr.o | 
Very weak, carried.! Tr.o 
Oedema of feet. Tr.o 
Small left cervical | 4April B.205 1g. rApril... Tr. + 
1g. 3 Tr.+ | 13-15 April. Fever. Swollen 
19 4, I g. abdomen. 
| | 3 May. Still weak, with oedema 
8 May... Tr.o of legs. 
MP |! 9-23 May. Fever in spite of 
4, Tr.o quinine. 
| i2oJune... Tr.o | 20 June. Backache. 
6jJuly T-A 2g. 6 July Tr.o 1 July. Solid swelling in lower 
= 2g. | tAug.... Tr.o | Add. Mag. region. 
| gAug. ,, 2g. 1 Aug. Swelling less. Has been 
116 ,, 2g. | very painful. 


( ase | | 
: 
4 
ine 
| 
: 
on 


414 


TABLE Il—continued 


| 
| Name, Sex, Age, | No 
Case | History, Treatment | Blood examination, etc. Clinical notes aia 
No. | Diagnosed, 
| Conditien 
74 | Gambamara(contd.) 31 Aug. ‘I-A 2g- 31 Aug. Tr.o | 31 Aug. Leg much better. fe 
6 Sept. 2 g. 13 Sept | 
| 2 g. Tr.o | 20 Sept. Well nourished. 
ZO 2g. aa Tr.o | 25 Sept. Headache and evening 
26 4, fever. 
CSF =Tr.o | 28 Sept. LP. Cells 78. 
a2 10 Oct. Swelling upper and 
| inner part left thigh. 
(Dr. Noble) r-A  2¢. 
25 B.205 
| 3 Novy 99 Ig. | 
Ig. | 9g Nov. Had high fever alter 
Ig. each injection of Bayer & 
160 4, T-A and was quite ill. 
t« » | 
5 Dec. 3g. 
| « 3 g. 
Jan. 38: 21 Mar. Has had severe pains 
120 45 with swellings in legs. Fever 
28 Feb, Tr.o off and on, and has lost flesh 
3. 3 or 4 times. Possibly syphilis 76 
— (Course of 12 injections of Is now well nourished and 
3 grs. of Bis. Sod. Pot. strong. ; 
| Tart. during Mar., April, 7 June. Greatly improved. 
| May and June. Had 4 | 28 June. Well. Given leave. 
' small doses of Soamin in 
Mar. and April.) 
75 | Rupia, son of 30 Mar. B.205 1g. 29 Mar. Tr.-++ 31 Mar. Can walk a little. 
Kissuka. | rApril ,, Ig. 
| M. 3o. | Ig 
| 3 months. Ig. 
| 29.3-27. 1Q 45 I g. 
_ Much wasted ; at 9 Ig. 23 April. Much improved. 
carried. 10 May Tr. 0 g May. Slight fever. 
_ Thigh flexors con- | 24 June Tr. o 7 July. —_ Left hospital. 
tracted. 31 July Tr.+ | 31 July. Returned. Headache. 
| Small cervical | MP 
glands. | 2Aug. BR68 o15g. | 2Aug.... Tr. o 2 Aug. No reaction. 
| Tr.o 
| Tr. o 
o2g Tr.o 5 Aug. No reaction. 
a = 
| Tr. o 
| o3g. ,, Tr.o | 12 Aug. Slight febrile reaction. 80 
| i » ove fie » Tr.o | 19 Aug. No reaction. 
| 4Sept. ,, O°3 g. 4 Sept. Tr.o 4 Sept. Very well and strong. 
Tr.o 
O32 , Tr.o 
Tr.o | 26 Sept. Headache. ‘ 
. Bld. Tr.o 28 Sept. LP. Cells 594. Good 
20 T-A 2¢ CSF OT r. + bodily state. 
Bld. ‘Trio 4 Oct. Feels well. 
| 13 Oct * 2g 12 Oct ai Tr.+ | 13 Oct. General pains. 
| (Dr. Noble) 3g 
128 ,, = 32g 4 Nov. Given leave for 1 month 
|i . 32g 22 Feb ‘ Tr. + and stayed until 22 Feb. 
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TABLE I1l—continued 


| Name, Sex, Age, | | 
Case | History, Treatment | Blood examination, etc. | Clinical notes 
No. | Diagnosed, | 
| Condition 
75. Rupia (contd.) 27 Feb. B.205 1g. 27 Feb. sais Tr. + 
| 13 Mar. __,, I g. CSF Tr.+ | 22 Feb. Slight headache, fever 
g. and back pains. Fine tremor 
Ig. hands and tongue. Oedema 
I g. of feet. 
26 ,, T-A 3g. 27 Feb. LP. Cells 312. Globulin 
2Apnl _,, 3 g- present. 
it - +2 gAprl Bld. ‘Tr.o 19 Mar. As on 22 Feb. but no 
| 3 g. fever, headache, etc. 
| -16May 3g: 26 Mar. Much improved. 
| g April. Stronger but still thin. 
3° ” 38: 
6June ,, 2g. 16 May. Improving. Still severe 
anaemia. Fine tremor hands 
and tongue. No oedema, fever 
or headache. 
6 June. Says feels well. LP. 
refused. 
= | | 
| 
76 | Wana, son of 7-11 April. 6April ... Tr.+ | 1oApril. Fever every night. Has 
Chandigo. 2754’ tabl, 6 daily. Tr. + diarrhoea and faeces show 
M. 20. Tr. + Strong. stercoralis. 
1 month. 12April Sbsn. o3g. | 10 ,, Tr. + 
6.4.27. Tr. + 
Fat and flabby. 16 » Baws tg. | 14 Tr. + 
Tremulous; can | 19 ,, I g. Tr. + 
walk. I g. Tr.o | 26 April. Fever and neckache. 
Cervical and 5 May ,, Ig. MP 
epitrochlear Ig. May... Tr.o | 18-23 May. Neckache and fever 
glands enlarged. | ,, Ig. daily in spite of quinine. 
| 14 June ‘i Tr.o 14 June. Diarrhoea, fever, head- 
| ache and leg pains. 
| S. stercoralis. 
| » Tr. o 
| 2 July 1g. 2July Tr.o 2 July. Fat. Unsteady gait. 
| Leg pains. 
« Ig. Tr. o 8 July. Left hospital. 
Tr.o | 26 July. Dresser sent. Says 
unable to stand. 
3 Aug. Died at home. 
| 
 Nitiruga, son of 16 Aug. B.205 1g. 16 Aug... Tr. + 
Marembwa. Ig. 
| M. 50. Ig. 1 Sept. Muchimproved. Walks 
6 months. I g. | about slowly. 
16.8.27. 6Sept. ,, Ig. | 13 Sept. Can climb steep hill. 
Very weak; some- 13 ,, “ I g. | 28Sept.... Tr.o | 28 Sept. Well-nourished ; fairly 
what wasted, «a T-A 2g. | CSF Tr.+ strong; cheerful. No definite 
carried. |} 10Oct. 2g. | 2Oct. Bld. nervous symptoms. LP. Cells 
Epitrochlear gland | | 140. 
enlarged. | | / 10 Oct. Complains of headache 


but otherwise well. 


ag, 
ther 
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TABLE ll—continued 


Name, Sex, Age, 


| 
| 


Case History, Treatment Blood examination, etc. Clinical notes 
No Diagnosed, 
Condition 
89 | Kitiruga (contd.) | 
(Dr. Noble) 21Oct. T-A 3¢ 4 Nov. Given leave but siived 
3 until 22 Feb. 
4Nov.  ,, 3 22 Feb. Coarse tremor hinds 
22 Feb. Tr.o and tongue. oedema, 
| Says he is as strong as ever. |, 
well-nourished. 
| 13 Mar. Tr.o | 13 Mar. LP. Cells 266. \v 
| CSF Tr.o globulin. Is fat and well, 
21 Mar. Appears in 
| health. Allowed to go home. 
20 June. Reported to be we'll. 
g2 | Nyakutaja,sonof | 18Sept. B.205 14g. 18 Sept. Tr.-+ | 18 Sept. Was seen walking abou 
Mgoyi. 1g. and apparently well 2 week 
M. 45. 1 g. ago, by hospital dresser. 
15 days. 1 Oct. Tr. + by another patient. 
18.9.27. Tt. 0 
Very weak and | 12 45 Tr.o | 19 Sept. Abscess upper lip. 


wasted. Carried. 
No oedema. 
No glands. 


(Dr. Noble) 


1 Oct. High fever. Nucleus 
of trypanosomes badly stained. 
Blepharoplast present. 
panosomes numerous. 

2 Oct. Slight fever. 

4 Oct. Walks slowly. 

10 Oct. Much improved. 

Ig June. Ran away about end ot 
Oct., and is said to have left the 
district. 
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CESTODES OF THE ORDER 
PSEUDOPAHYLLIDEA RECORDED 
FROM INDIA AND CEYLON 


BY 


T. SOUTHWELL 


(Received for publication 23 October, 1928) 


Order PSEUDOPHYLLIDEA Carus, 1863. 


Rudolphi (180g) divided the Cestodes into two orders. The 
first order, Cysticorum, contained the three genera, Cysticercus, 
Coenurus and Echinococcus. The other order, Cestoidiorum, included 
six genera only, namely, Scolex, Caryophyllaeus, Ligula, Tricuspidaria, 
Bothniocephalus and Taema, 

In 1819 he defined these genera: his definition of the genus 
Bothniocephalus was as follows: ‘corpus elongatum depressum 
articulatum, caput subtetragonum bothrits duobus vet quatuor oppositis.’ 


He divided the genus into two main groups, namely, (1) those in 
which the head was unarmed (:mermes), and (2) those in which the 
head was armed (armati). The first group he sub-divided again 
into two, viz., those with two bothria and those with four bothria. 
All the species in his avmat: group had four bothria and were sub- 
divided again into two sections; the first section contained the 
species B. coronatus, B. uncinatus, B. verticillatus (now included in 
the order Tetraphyllidea): the second section contained those worms 
armed with proboscides, namely B. corollatus and B. paleaceus (now 
included in the order Trypanorhyncha). 


Dujardin, 1845, recognised four orders of Cestodes, viz. :— 
(1) Rhynchobothriens (Tetrarhynchids). 


(2) Cestoides or Taeniordes including the genera Taenta, Bothrio- 
cephalus, Schistocephalus, Triaenophorus, Bothridium, Bothri- 
monus and Ligila. 


(3) Scolecines, including Caryophyllaeus and some larval forms, 
and, 


(4) Cystiques—all bladder worms. 
419 
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Van Beneden (1850) only mentioned two genera of Bothrio- 
cephalids, viz., Bothriocephalus and Trnicuspidana, and these he 
included in his division Pseudophylles. 

Diesing’s classification (1850 and 1864) was extremely com- 
plicated, introducing as it did a large number of mere names which 
have since fallen into synonymy. 

Carus (1863) divided the Cestodes into five families, namely, 
Caryophyllidea, Tetraphvillidea, Diphyllidea, Pseudophyllidea, and 
Taemadea. In the family Pseudophyllidea he included four genera, 
namely, Ligula Bloch, Triaenophorus Rudolphi, Schistocephalus 
Creplin, and Bothriocephalus Bremser (?). 

Liihe, in 1902, published an admirable classification of the order ; 
this was adopted by Braun, in 1goo, and it has only been slightly 
modified during recent years. 

Cooper, in 1918, issued an excellent account of the Pseudophyllidea 
of the North American fishes. 

Nybelin, in 1922, published his classic work on this order. His 
classification differs from that proposed by Liihe (1902) only in the 
following points. Nybelin retains the family name Dvzbothnio- 
cephalidae Lithe, 1902, instead of the later name, Diphyllobothriidae, 
used by Lihe, in 1910, for the same family. 

There appears to be some doubt as to which name has priority 
because Liihe, who established the genus Dibothriocephalus, in 1899, 
citing /atus as the type-species, afterwards made this genus a synonym 
of Diphyllobothrium Cobbold, 1858. The anatomy, however, of the 
type-species of the latter genus is not known, and until the position 
of the pores in this species has been determined, it 1s doubtful whether 
the genera Dibothriocephalus Lithe, 1899, and Dziphvllobothrium 
Cobbold, 1858, are synonymous. 

Poche (1926) divided the class Cestoidea into two sub-classes, as 
follows :— 

Sub-class Amphilinoinet Poche, 1920. 
Order 1. Amphilinidea Poche, 1922. 
Family 1. Amphilinidae Claus, 1879. 
Sub-family 1. Amphilininae Poche, 1926. 
Type-genus :—Schizochoerus Poche, 1922. 
Sub-family 2. Gigantolininae Poche, 1922. 
Type-genus :—Gigantolina Poche, 1922. 
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Sub-family 3. Gephyrolininae Poche, 1926. 
Type-genus :—Gephyrolina Poche, 1926 
Order 2. Gyrocotylidea Poche, 1926. 

Family 1. Gyrocotylidae Benham, 1901. 
Genus Gyrocotyle Diesing, 1850. 


Sub-class Taentoinet Poche, 1926. 
Order 1. Bothriocephalidea Diesing, 1850. 
Tribe 1. Caryophyllaeoidae Poche, 1926. 

Family 1. Cyathocephalidae Nybelin, 1920 (with five genera). 
Family 2. Caryophyllaeidae Claus, 1879 (with nine genera). 
Tribe 2. Diphyllobothrioidae Poche, 19206. 

Family 1. Dziphyllobothriidae Lihe, 1910. 

Including the genus Diphyllobothrium Cobbold, 1858 
? = Dibothriocephalus Liihe, 1899. 

Family 2. Luheellidae Baer, 1924. 

Genus Luheelia Baer, 1924. 

Tribe 3. Bothriocephaloidae Poche, 19206. 

Family 1. Bothriocephalidae Blanchard, 1849 (with five genera). 
Tribe 4. Tvriaenophoroidae Poche, 1926. 

Family 1. Tviaenophoridae Blanchard, 1849. 

Family 2. Amphicotylidae Ariola, 1899. 

Family 3. Echinophallidae Schumacher, 1914. 
Tribe 5. Tetrabothrioidae Poche, 1926 = Tetrabothria Diesing, 1850. 
Family. Tetrabothridae Fuhrmann, 1908. 


Pintner (1928) divided the class Cestoidea (Rudolphi) into two 
orders: (1) Monozootic Forms, and (2) Polyzootic Forms. All 
Pseudophyllidean Cestodes are placed by him in a single family, 
namely, Bothnriocephalidae, all species of which are polyzootic. 


List oF SprEcIFSs FROM INDIA AND CEYLON. 


(1) Diphyllobothrium felis (Creplin, 1825). Felis pardus. 
= Bothriocephalus maculatus Leuckart, 1848. Felis tigris. 
= Dibothrium decipiens Diesing, 1850. 

= Dibothrium sulcatum Molin, 1858. 


wv 


(2) Diphyllobothrium reptans (Diesing, 1850). Canis familiaris. 
= Sparganum reptans Diesing, 1850. Larvae in various snakes. 


(3) Diphyllobothrium ranarum (Gastaldi, 1854). Canis familiarts. 
= Ligula ranarum Gastaldi, 1854. Larvae in Rana tigrina. 
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(4) Diphyllobothrium spp. Paradoxurus grayit. 
Black leopard, 


Felis bangalensis. 


(5) Sparganum spp. Herpestes albopunctatus. 
Dichoceros bicornis. 


(6) Bothridium pithonis (Blainville, 1824). Python molurus. 
= Solenophorus megalocephalus Creplin, 1839. Python reticularis. 
Felis tigris. 


(7) Bothridium sp. Moghe, 1925. Rock snake. 
(8) Duthiersia fimbriata (Diesing, 1850). V aranus exacanthematicus. 
= Duthtersia expansa Perrier, 1873. Varanus sp. 
Varanus bengalensis. 
(9) Ligula intestinalis (Goeze, 1782). Danio acquipinnatus. 
= Ligula simplicissima Rudolph, 1802. Labeo rohita. 
Nemachilus rupicola. 
(10) Ligula sp. Moghe, 1926. Rasbora daniconius. 
(11) Caryophyllacus indicus Moghe, 1925. Clarias batrachus (catfish), 
(12) Ancistiocephalus sp. Labeo robita. 


The Ancistrocephalus polyptera of Southwell. 
(13) Bothriocephalus pycnomerus Woodland, 1924. Ophiocephalus marulius. 
(14) Bothriocephalus histiophorus Shipley, 1901. Histiophorus sp. 


Order PSEUDOPHYLLIDEA Carus, 1863. 


Strobila segmented except in the sub-family Caryophyllaetnae. 
Scolex with two shallow grooves (bothria) which, by fusion of their 
margins, may assume various forms, or they may be replaced by 
a pseudo-scolex or by a terminal sucker. Accessory suckers may 
be present. The head may be either armed or unarmed. External 
segmentation often incomplete or absent. Segments in the same 
stage of development. Genital pores marginal or surficial (i.e., on 
the flat side). A single or double set of genitalia in each segment. 
Vitelline follicles usually in the cortex, scattered, not condensed 
into a single gland. Testes situated either in the cortex or medulla. 
Uterus persistent, often in the form of a rosette, sometimes a large 
sac distinct from the uterine duct. Three genital pores present : 
uterine pore almost always surficial. Openings of vagina and 
vas deferens may be close to that of the uterus, or on the opposite 
flat side, or along the lateral margin. Eggs, which may be operculated 
or not, are passed whilst the segments are still attached to the 
strobilus. Onchosphere frequently with a ciliated covering 
(coractidium). Development, where known, into a procercoid in the 
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body cavity of Entomostraca succeeded by a_plerocercoid in 
Teleosts. Adults in mammals, birds, reptiles, and fishes. 
The Order is divided into six families. 
Family 1. Diphyllobothriidae Liihe, 19ro. 


Synonyms :—Diphyllobothridae Cobbold, 1879. 
? Dibothriocephalidae Liihe, 1902. 


Head armed or unarmed, bothria shallow, one dorsal one ventral, 
or their free margins may fuse to form a tube open at both ends, 
or there may be a terminal unpaired sucker. A single set, rarely 
a double set, of genitalia in each segment. Genital pores surficial. 
Male and female pores open close to, and a little in front of, the 
uterine pore. Vas deferens with an external seminal vesicle. Cirrus 
unarmed. Receptaculum seminis sharply separated from the 
oviduct. Uterus a long coiled tube, often in the form of a rosette. 
Eggs operculated. Adults in mammals, birds, and reptiles. First 
larval stage (procercoid) in Entomostraca. Second larval stage 
(plerocercoid) in Teleosts. 

Type-genus:—Diphyllobothrium Cobbold, 1858. 


The family is divided into two sub-families :— 
Sub-family 1. Dzphyllobothriinae Liithe, 


Scolex elongated, clearly separated from the strobilus. Bothria 
variable in form. External segmentation distinct. A single or 
double set of genitalia in each segment. Eggs operculated. Adults 
in mammals, birds, and reptiles. Larval stages in Crustacea, and 
fishes. 

Type-genus :—Diphyllobothrium Cobbold, 1858. 


Genus 1. Diphyllobothrium Cobbold, 1858. 
Synonym: ?Dibothriocephalus Lithe, 1899. 


Bothridia elongated and well developed. A single or double 
set of genitalia in each segment. Testes and vitellaria lateral, in 
some cases almost reaching the median line, but they may fuse 
anteriorly or posteriorly. Uterus a coiled tube situated anteriorly, 
often in the form of a rosette. Adults in mammals and birds. 
First larval stage (procercord) in Copepods ; second larval stage 
(plerocercoid) in Teleosts; or larval stage a solid proliferating 
unsegmented form without bothria, in musculature of mammals. 

Type-species :—Diphyllobothrium stemmacephalum Cobbold, 1858. 
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Diphvllobothrium felis (Creplin, 1825) (Fig. 1). 


Synonyms :—Bothriocephalus maculatus Leuckart, 1848. 
Dibothrium decipiens Diesing, 1850. 
? Dibothrium sulcatum Molin, 1858. 
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Fic. 1. Diphyllobothrium felis. Mature segment. x 50. 


Numerous specimens from the intestine of Felis tigris and 
Felis pardus, Zoological Gardens, Calcutta. They were not gravid 
and measured about 100 mms. by about 1-5 mms. Chandler (1925) 
records D. decipiens from the cat and from Felis nebulosa in 
Calcutta. It occurs in numerous carnivores and according to 
Joyeux and Houdemer resembles D. mansont. 

The worm was first described by Creplin in 1825 from two small 
specimens measuring 4:5 mm. and 6:6 mm. respectively, obtained 
from the cat. Leuckart’s species Bothriocephalus .maculatus was 
obtained from Felis pardus and measured 160 mm. in length. 

Bohm (1921) considers that Molin’s species Dibothrium sulcatum 
is identical with Bothriocephalus felis Leuckart 1848. According 
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to Ariola (1900) D. sulcatum differs from all other related species 
in having the bothria lateral instead of dorsal and ventral. 

The worms measure up to 250 mm. in length and have a maximum 
breadth of 8-8 mm. The proglottides are all broader than long 
and the genital pores are situated on the flat ventral side (surficial), 
the opening of the vas deferens being close to the anterior border 
of the proglottis, the vaginal pore being immediately posterior to 
it. The uterine pore is posterior and somewhat lateral to the 
vaginal pore. The lateral posterior margin of each proglottis 
overlaps the anterior lateral margin of the succeeding one. 

The scolex is unarmed, and bears two shallow bothridia, one 
situated dorsally and one ventrally. 

The testes are numerous, situated in the medulla, and extend 
over the dorsal surface, except in the median line. In ordinary 
stained specimens they are indistinguishable from the acini of the 
vitelline glands, which have a similar distribution, except that 
they are situated in the cortex. 

The vas deferens arises posteriorly and runs almost in the median 
line to the pore. The ovary is bilobed and situated posteriorly. 

The vagina is a straight tube running directly in the median 
line from the ovary to the pore. The two transverse vitelline 
ducts one from each side, and situated posteriorly, unite together 
in the middle line and open to the odtype. 

The uterus assumes the form of a rosette and in fresh specimens 
appears as a brown patch in the middle of the proglottis. 

The eggs are operculated and measure about 60” by 30u. 


Diphyllobothrium reptans (Diesing, 1850) 
= Sparganum reptans Diesing, 1850. 


The larval form is parasitic in reptiles and occurs usually in the 
connective tissue and between the dorsal muscles, especially along 
the vertebral column and between the skin and dorsal musculature. 
It has been recorded from various species. of amphibia, birds, and 
mammals. Meggitt states that all records of this parasite other 
than those from reptiles should be regarded with suspicion, as it is 
probable that several have been confused under one name. 

The plerocercoid is a slender ribbon-like form with an anterior 
globular swelling; it varies in length from 2 mm. to 100 mm., and is 
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capable of asexual reproduction by fragmentation, but not by 
proliferation. It has no definite scolex or bothria. The terminal 
invagination referred to by various writers bears no trace of the 
structure of a sucker, and is the result of contraction due to fixation : 
it is, however, probable that the anterior extremity functions as 
a sucker. External and internal segmentation is usually absent, 
but occasionally in very long forms it may be represented by a few 
posterior transverse striations. The internal anatomy shows 
nothing of note except the absence of ‘ nutritive bodies’ described 
by Tjima (1905) for S. proliferum and Meggitt (1924) for Sparganum sp. 
It is not known whether procercoids occur in Entomostraca, or not. 

The adult form has been found experimentally in the dog. The 
true host is probably a carnivore or avian scavenger. It measures 
1,000 mm. in length and has a breadth of 9 mm. Segmentation is 
complete. The scolex is elongated, and measures 800” by 40 ; 
it bears two long shallow bothria. The neck is long. All segments 
are broader than long. The musculature is weak, consisting of 
a narrow and feeble layer of longitudinal muscles. Transverse 
muscles are apparently absent. 

The excretory vessels are indistinct, consisting of from four to 
eight longitudinal trunks on each side of the proglottis, connected 
by an extensive and complicated capillary system. The genital 
pores are surficial, and are all on the same surface of the proglottis ; 
the male pore is central, in the anterior sixth of the worm; the 
vaginal pore lies posterior to it and slightly lateral, and the uterine 
pore is more posterior and central. The cirrus sac extends half way 
to the opposite surface, the external vesicula seminalis nearly 
reaching the aporal cortical parenchyma. The testes number from 
144 to 220, and are situated in two separate lateral bands, slightly 
converging anteriorly. The ovary is bilobed, reticulate, and the 
shell gland is a large structure lying at the posterior margin of the 
proglottis. The vitelline glands are lateral, converging and meeting 
anteriorly, leaving a free central space one-twelfth to one-seventh 
the width of the segment. 

The eggs measure 53 to 59" by 36 to 40m and are operculated. 
They are immature when passed, developing when the egg rests 
in water. 
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Diphyllobothrium ranarum (Gastaldi, 1854) 
= Ligula ranarum Gastaldi, 1854. 


The larval form occurs in the wall of the stomach of the frog 
(Rana tigrina) : it measures 85 mm. in length and 1-1 mm. in breadth. 
At the anterior extremity there is a small terminal bothrium, like 
a sucker in appearance, but histologically not differentiated from 
the surrounding parenchyma. The degree of external segmentation 
varies ; it is sometimes ill-defined, or limited, especially in young 
specimens, whilst in older specimens it may be well defined and 
almost complete. Transverse fission (asexual reproduction) occurs. 
The musculature is weak and varies in different parts of the body. 
In some parts of the worm definite longitudinal muscle bundles and 
dorso-ventral fibres occur. Transverse muscles are apparently 
absent. 

There are four main longitudinal excretory vessels in the same 
transverse straight line across the proglottis, linked with each 
other by a complex capillary anastomosis. Only the rudiments 
of the genital organs are present, and ‘nutritive bodies’ are 
apparently absent. 

The adult worm is found experimentally in the dog. It measures 
113 cms. in length and 5 mm. in breadth. The scolex measures 
I'4 mm. to I-7 mm. in length by 0-37 mm. ‘to 0-41 mm. in breadth. 
All the proglottides are either broader than long, or square. 

The male genital pore is median and lies almost at the anterior 
margin of the proglottis. Slightly behind, and a little lateral to it, 
is the vaginal pore. The testes are in two lateral groups, 100 to 
110 in each group, and not joined together by an anterior band. 
The uterus has from three to five coils on each side. The eggs 
measure 58u to 674 by to 36m. 

Joyeux and Baer (1927) state that D. reptans and D. ranarum 
are identical ; they call the worm ‘‘ D. vanarum according to the 
laws of nomenclature.’ 

They found procercoids of this species in Cyclops fuscus Jurine, 
plerocercoids in Tvopidonotus natrix Linn., and adult worms in 
the cat and dog. If Joyeux and Baer’s contention is correct, it 
would appear that the specific name reptans has priority. 
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Diphyllobothrium sp. 
Moghe (1926) mentions the occurrence of a Diphyllobothrium sp. 
in the leopard cat (lel1s bengalensts). 


Diphyllobothrium spp. 

Under the name bothriocephalus sp., Southwell (1922) recorded 
a species of Diphvillobothrium from a black leopard. The worm 
measured 2 cms. in length and had a maximum breadth of 1-2 mm. 
The specimen was quite immature. 

He also recorded a single specimen of the genus Diphyllobothrium 
from the Himalayan palm civet (Paradoxurus grayit). The worm 
measured 10 cms. in length and had a maximum breadth of 6-7 mm. 
As the head was absent the species could not be determined. 


Genus 2. Bothridium Blainville 1824. 
= Solenophorus Creplin, 1839. 


Scolex with two tubular bothridia which open anteriorly and 
posteriorly by a pore provided with sphincter muscles. Vitelline 
glands between inner and outer longitudinal muscles, sometimes 
intermingling with the latter. Uterus consists of a uterine duct, 
and a uterine sac which latter is composed of two large cavities 
connected by a narrow duct. 

Type-species :—Bothridium pithoms Blainville, 1824. 


Bothridium pithoms Blainville, 1824 (lig. 2). 


Synonyms :—Prodicoclia ditrema U.cbl., 1836. 
Bothridium laticeps Duvern, 1833. 
Solenophorus megalocephalus Creplin, 1839. 
Solenophorus grandis Creplin, 1839. 


Irom the gut of Python reticularis, Goalundo, E. Bengal ; Python 
molurus, Nepal Terai and Ceylon; and Felis tigris, Onchagaon, 
Naina Tal, U.P., India. (It appears probable that the tiger had 
been feeding on a python.) | 

The worm measures up to 50 cms. in length and has a maximum 
breadth of 6 mm. It is composed of an immense number of very 
shallow segments ; the largest segment has a breadth of 6 mm. and 
a length of 0-7 mm. A few of the posterior segments are narrower 
and longer, measuring 2-5 mm, in breadth and 1-5 mm. in length. 
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The mid-dorsal and ventral surfaces of the worm are marked by 
a longitudinal line which can be seen with the naked eye. 

In the Jarge specimens the head measures 6 mm. in length and 
4 mm. in breadth. The bothria are tubular, each with a small, 
slit-like aperture anteriorly, and a smaller one posteriorly. They 
are situated dorsal and ventral, i.c. they are situated at right-angles 
to the flat side of the worm. 


Vic. 2. Bothridium pithonis. Wead. x 6. 


The cuticle is very thick and the sub-cuticula cells are very 
large. The longitudinal musculature consists of about twelve fascia 
distributed round the proglottis. The transverse muscles are 
delicate and send out fibres which ramify in the longitudinal muscles. 
The dorso-ventral muscles are small. 

There are four principal excretory vessels, two on each side of the 
segment ; the lateral nerves lie external to these vessels. 

The testes number from 170 to 180 and are situated in two 
lateral fields one on each side of the median line posterior to the 
cirrus sac. The latter organ varies in shape, measuring 250m in 
length by 175 to 345m in breadth; genital pores surficial. 

The vagina opens immediately behind the cirrus pouch into 
a common deep atrium situated at the junction of the first and 
second thirds of the proglottis. The uterine pore is situated at the 
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junction of the middle and posterior thirds of the proglottis. The 
genital pores are irregularly alternate. The vagina runs directly 
posterior to the cirrus sac. The receptaculum seminis is large and 
thick-walled. The ovary is V-shaped, the apex being directed 
dorsally; it is surrounded by the testes which approach the median 
line. A shell gland is present. The uterus lies in two loops on 
each side of the median line: the last loop is dilated. 
The eggs measure 65 to 70” by 45 and are operculated. 


Bothridium sp. 
Moghe (1926) records Solenophorus sp. from the python (rock 
snake) but he does not describe the worm. 


Genus 3. Duthersia, Perrier, 1873. 

Scolex triangular, the apex being directed posteriorly. Bothridia 
funnel-shaped. Vitelline glands lateral and external to the longi- 
tudinal muscles. Vaginal sphincter present. Uterus coiled but not 
definitely in the form of a rosette. Adults in Varanus. 

Type-species :—Duthtersia fimbriata (Diesing, 1850). 


Duthiersia fimbriata (Diesing, 1850), Mont. and Crety, 1891 (lig. 3). 
= Duthersia expansa Perrier, 1873. 
= Duthiersia elegans Perrier, 1873. 

From Varanus bengalensis, V. exacanthematicus, and Varanus sp. 
Bengal, and Punjab, India. 

The worms usually measure about 70 mm. in length and have 
a maximum breadth of 2 mm. They attain, however, a much 
greater size than this and may measure 20 cms. or more in length 
by 3 mm. in breadth, with a thickness of 1-5 mm. The broadest 
part of the worm is near the middle. The largest proglottides have 
a breadth of about 2 mm. and a length of about 0-3 mm.: a few of 
the more posterior segments are longer and narrower than the 
rest, having a length of 0-5 mm. anda breadth of 1mm. The posterior 
extremity of the worm is frequently very narrow. The scolex has 
a length of about 3 mm. and a breadth of 3 mm. It is roughly 
triangular in shape with the rounded apex pointing anteriorly. 
It is composed of two bothria, one dorsal and one ventral, united 
in the middle line, with their lateral margins scalloped and over- 
hanging a rather shallow sucker. 
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There is no neck. The excretory system consists of a large 
ventral vessel and a small dorsal vessel on each side, situated in 
the medulla, a considerable distance from the lateral margins, 
anastomosing extensively, so that in transverse sections three vessels, 
and sometimes more, are to be seen on each side; the third longi- 
tudinal vessel is often seen situated external to the lateral nervous 


system. 
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Fic. 3. Duthiersia fimbriata. A—ITlead. 20. B.—Segments., Io. 


There is a single longitudinal nerve running along each lateral 
margin of the worm close to the ventral excretory vessel, and 
situated in the medulla. 

The longitudinal muscles are not segregated into definite fasciae 
but consist of a very large number of fibres situated close together, 
encircling the segment, and to all intents and purposes dividing the 
parenchyma into cortex and medulla. Circular fibres and dorso- 
ventral fibres are very scanty. 

The testes are small, not numerous, and are situated in the 
medullary parenchyma, extending lateral to the excretory vessels. 
The vas deferens opens ventrally near to the anterior margin of the 
proglottis. 
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The ovary is bilobed, and situated posteriorly ; it frequently 
presents a granular appearance. The vagina runs forward almost 
in a straight line, opening just posterior to the vas deferens. The 
vitelline glands are numerous, strongly developed, and situated in 
the cortex, practically enveloping the proglottis. 

The uterus assumes the form of a rosette, frequently showing 
about five loops, but these loops are often ill-defined. 

The uterine eggs measure about 604 by 40” and are operculated. 


Group Sparganum Diesing, 1855. 


This name is applied to larval forms (plerocercoids) of the family 
Diphyllobothriidae, the adults of which are not known. Segmentation 
absent or indistinct. Bothria sometimes indistinct. 


Sparganum sp. 


Meggitt (1924) records a Sfarganum from the mesentery and 
body cavity of the mongoose (Herpestes albopunctatus Hodgson, 1853). 
The earliest stages consist of a spherical solid larva containing 
numerous calcareous corpuscles surrounded by a cyst-wall consisting 
of several concentric transparent and apparently gelatinous layers, 
sometimes tinged with red. The large forms are elongated, broad, 
flattened, with a slight invagination at one end but no trace of 
suckers or segmentation. The larva proliferates like Sparganum 
proliferum Ijima, 1905. No definite organs of any kind are to be 
seen, even in section, but ‘ nutritive bodies’ are numerous. 


Sparganum sp. 


Meggitt (1926) records the presence of a Sparganum in Dichoceros 
bicornis, but he does not describe it. 


Representatives of the following genera, belonging to the sub- 
family Diphyllobothniinae, have not yet been recorded from India : 


1. Duttocephalus Parona, 1887. 
Diplogonoporus Loennberg, 1892. 
Scvphocephalus Riggenbach, 1808. 
Pyramicocephalus Monticelli, 18go. 
Chlamydocephalus Cohn, 1908. 


j 
: | 
| | 
: | 
| 
| 
| 
| 
| 
| | 
| 
A | 
| 
| | 
| j 
| 
| 
| 
| 
| 
| 
4 
| | 
| 
| 
| 
: 
| 
3 
| | 
. 
| 
| | 
| 
+ | 
| 
| 
| 
| 
‘ 
} 


433 


Sub-family 2. Ligulinae Mont. and Crety, 1891. 


Scolex small, triangular, unarmed, and not clearly separated 
from the strobilus. Bothria small and rudimentary. External 
segmentation often indistinct. Genital pores ventral. Adults in 
mammals and birds. Larvae in fishes. 

Type-genus :—Ligula Bloch, 1782. 


Genus Ligula Bloch, 1782. 


Bothria and external segmentation absent in larva, but both 
develop simultaneously with the genitalia in the final host. 
Segmentation in adult limited to anterior portion of strobilus and 
does not correspond with the genital organs. ‘Adults in birds. 

Type-species :—Ligula intestinalis (Linnaeus, 1758). 


Ligula intestinalis (Linnaeus, 1758) (Fig. 4). 
Synonymy extensive. 

From the body cavity of Labeo calbasu, Labeo rohita, and 
Nemachilus rupicola, India. 

Both the larvae and adult worms vary in length from 100 mms. to 
400 mms., sometimes attaining a length of a metre. The breadth 
varies from 5 mm. to 15 mm. The larvae occur in the body cavity of 
various Cyprinoid fishes, and the adult worms in various fish-eating 
birds. The adults differ but lhttle from the larval form. 

Only larval forms have been recorded from India. 

Moghe (1926) recorded Ligula sp. from KRasbora daniconius, 
India, but he did not describe it. 


Two other genera are usually included in this sub-family, but 
have not been recorded from India, namely :— 
Schistocephalus Creplin, 1829—in which segmentation is com- 
plete. Adults in birds. 
Brauma Leon, 1908—in which segmentation is complete 
internally and nearly absent externally. Adults in man. 


Family 2. Cyathocephalidae Nybelin, 1922. 


The classification of this family has, during the last ten years, 
been undergoing rapid changes. It contains a number of 
monozootic forms which, according to Loennberg (1897), Nybelin 
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Ligula intestinalis. 


Fic. 4 
C.—Transverse section. 
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(1920), Fuhrmann and Baer (1925) are only secondarily monozootic. 
Woodland (1923-1926) removes the monozootic forms from this 
family and places them amongst the Cestodaria. He unites the 
Caryophyllaeidae with the Gyrocotylidae into a new order, Paralinidea. 
According to Fuhrmann and Baer (1925) the family contains seven 
genera, to which Bovien (1926), Johnstone (1927), and Baylis (1928) 
have since added three others. 

The characters of the family are as follows : genital pores surficial, 
median. Genital organs always on the same side of strobilus. 
Uterine pore present between cirrus sac and vaginal pore. Ovary 
median and bilobed: odtype contains well-developed gland cells. 
Uterus coiled, uterine glands well developed. Eggs operculated, 
thick-shelled. Adults in fishes (except Archigetes Leuckart, 1878, 
which occurs in the body cavity of Tubificidae). 

Type-genus :—Cyathocephalus Kessler, 1868. 

The family is divided up into two sub-families. In the first sub- 
family Cyathocephalinae Liihe, 1899, the strobilus contains several 
sets of genitalia. Inthesecond sub-family, Caryvophyllaeinae Nybelin 
1922, the strobilus contains a single set of genitalia, that is, they are 


monozootic. 
Sub-family Cyathocephalinae Liihe, 1899. 


Type genus: —Cyathocephalus Kessler, 1868. 
The sub-family contains four genera namely : 
Cyathocephalus Kessler, 1868. 
Bothrimonus Duvernoy, 1842. 
Didymobothrium Nybelin, 1922. 
Drplocotyle Krabbe, 1874, 
all of which are parasitic in fresh-water and marine fishes. No 
representatives of this sub-family have hitherto been recorded from 
India. 
Sub-family Caryophyllaeinae Nybelin, 1922. 

Scolex may be distinctly separated from the strobilus : bothria, 
when present, feebly developed: a single set of genitalia in each 
strobilus (that is, the worms are monozootic). Genital pores opening 
to a common cloaca situated posteriorly. Testes in the medullary 
parenchyma in front of the ovary. Uterus a long canal without 
lateral branches, opening close to the male and female genital pores. 

Type-genus :—Caryophyllaeus Miller, 1787. 
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The sub-family contains the following genera :— 
Caryvophyllaeus Miiller, 1787. 
Monobothrium Diesing, 1863. 

Synonym, Glaridacris Cooper, 1920. 
Archigetes Leuckart, 1878. 
Lytocestus Cohn, 1908. 
Caryophyllaeides Nybelin, 1922. 
Wenyonia Woodland, 1923. 
Monobothroides Fuhrmann and Baer, 1925. 
Djombangia Bovien, 1926. 
Balanotaenia Johnstone, 1927. 
Lytocestoides Baylis, 1928. 


Genus I. Carvophyllaeus Miller, 1787. 


Anterior extremity of strobilus without bothria and functioning 
as a fixation organ. [Excretory system with a well-developed terminal 
bladder. Longitudinal muscles in two layers, one of which lies 
external to the nuclear layer of the sub-cuticula, the other separating 
the medullary from the cortical parenchyma. Cirrus sac, and 
common vaginal and uterine pore open close together in a shallow 
genital cloaca. Vas deferens very coiled : cirrus sac large : recepta- 
culum seminis conspicuous, separated from the oviduct. Ovary 
posterior and H-shaped, situated in the medullary parenchyma. 
Vitellaria in the medullary parenchyma, sometimes situated partly 
behind the ovary. Coils of the uterus posterior to cirrus sac. Adults 
in Cyprinidae. Varval stages (procercotd) in Tubificidae. 

Type-species :—Carvophyllaeus laticeps (Pallas, 1781). 


Only one species of this sub-family has been recorded from India. 


Caryvophyllaeus indicus Moghe, 1925 (Fig. 5).* 

From the stomach of the common Indian catfish, Clarias batrachus, 
Nagpur, C.P., India. 

The worm measures 25 mm. in length and has a maximum breadth 
of 4.44 mm. The scolex is short, bluntly rounded, much narrower 
than the body, and measures 3 mm. in length and 1-23 mm. in 


* For permission to reproduce the figures of this species and those of Bothriocephalus pycnomerus - 
the writer is indebted to the Editor of Parasitology. 
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breadth. It is marked off from the rest of the body by a small 
neck-like constriction. The body tapers posteriorly, and shows no 
trace of internal or external segmentation. The genital apertures 
are situated one-seventh the length of the body from the posterior 
extremity: the aperture of the cirrus sac is separate: the uterus 
and vagina open by a common aperture. 
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Fic. 5. Caryophyllaeus indicus. A.—Entire worm. 8. B.—Posterior extremity. x 76. 


(After Moghe.) 


The testes are scattered among the acini of the vitellaria: they 
occupy nearly two-thirds the length of the body. The vas deferens 
is a loosely convoluted tube running anteriorly in the median axis 
of the body. The cirrus sac is large, and bell-shaped, its longitudinal 
axis lying parallel to the longitudinal axis of the body. 

The ovary is irregular in shape, and is situated posteriorly 
between the genital openings and the posterior end of the body. 
The vagina is a narrow tube running in the median longitudinal 
axis ; anteriorly it dilates, and the uterus opens into the dilatation. 
Posterior to the ovary the vagina receives the small duct from the 
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transverse vitelline sac. The vitellaria occuy y the greater part of 
the body between the genital openings and the head; they are 
most abundant laterally. The uterus arises as a thin-walled duct, 
situated posterior to the transverse vitelline sac. It runs to the 
posterior end of the body, then turns, and running anteriorly, forms 
several conspicuous thick-walled loops on each side of the body, 
posterior to the genital apertures, one loop on each side being at the 
level of the genital apertures. Near its junction with the vagina it is 
distinctly narrow and ciliated. The uterine eggs measure 80" by 40y. 

Woodland (1926) points out that this is the first species of the 
genus to be recorded from a Siluroid fish. He suspects that the 
bodies figured as post-ovarian vitellaria are really ovarian follicles, 
and that the species belongs to the genus Lytocestus (found in 
Silurtds), the characters of which are as follows :— 


Genus 2. Lytocestus Cohn, 1908. 


Scolex insufficiently known. Musculature consists of two 
longitudinal layers (and one transverse layer), the outer layer being 
situated internal to the nuclear layer of the sub-cuticula, and not 
external to it as in the genus Caryophyllaeus. Genital pores surficial, 
posterior: uterine pore absent. Genitalia in the posterior half of 
the segment. Testes numerous, filling the entire medullary 
parenchyma anterior to the cirrus sac. Ovary posterior to genital 
pore, its follicles extending into the cortex. Vitellaria encircling 
the worm and situated in the cortical parenchyma, not extending 
behind the ovary. Wall of the uterus glandular: the uterus coils 
between the wings of the ovary, the receptaculum seminis and the 
genital pore. 

Parasitic in the intestine of Szluridae and Mormyridae. 


Family 3. Tyrtaenophoridae Nybelin, 1920. 


Scolex armed or unarmed, with two shallow bothria and an anterior 
flattened, disc-like termination. In one genus, viz., F7stulicola, a 
pseudo-scolex is present. Genital pores marginal (not surficial), 
alternating. Receptaculum seminis and vesicula seminalis absent. 
Uterus a coiled duct, its pore being ventral. Eggs operculated. 
Adults in fishes and turtles. 

Type-genus :—Triaenophorus Rudolphi, 1793. 
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lfour genera are usually referred to this family, namely :— 

Triaenophorus Rud., 1793, in which external segmentation of 
the strobilus is absent. 

Anctstrocephalus Lithe, 1879, in which the strobilus is segmented 
externally and the scolex is armed. 

Iistulicola Liihe, 1899, in which the strobilus is segmented 
externally, head unarmed and testes for the most part 
situated internal to longitudinal nerves, the uterus being 
wide and forked. 

Anonchocephalus Lihe, 1902, in which strobilus is 
segmented, head unarmed, testes situated mostly external to 
longitudinal nerves ; and uterus very narrow. 

The family is represented in India by a single species, 
closely related to Ancistrocephalus polyptera (Leydig, 1853), Mont., 
1890. 


Genus Ancistrocephalus Liihe, 1899. 


SynonyM :—Polyonchobothrium Diesing, 1854. 
To: 


The scolex is flattened and armed with small hooks. A pseudo- 
scolex and neck always absent. External segmentation distinct, 
all the proglottides being broader than long. The genital ducts pass 
dorsal to the longitudinal nerves, the latter being situated a con- 
siderable distance from the margins of the segment. The testes are 
situated ventrally in two lateral fields, uniting posteriorly, and not 
extending laterally external to the longitudinal nerves. The genital 
pores are marginal, alternating: vitellaria situated in the medulla 
in two lateral fields external to the longitudinal nerves, and connected 
by a layer of follicles mmediately adjacent to the dorsal longitudinal 
muscle layer. A second layer of vitellaria, also immediately adjacent 
to the longitudinal muscles, is sometimes present in the cortex 
dorsally. The ovary is bilobed. The uterus is a long, narrow, very 
coiled canal, its terminal portion being dilated. The uterine pore 
is lateral and irregularly alternate. The eggs are thick-sheiled. 
Adults in fish. 

Type-species :—A neistrocephalus microcephalus (Rudolphi, 1819). 
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Anctstrocephalus sp. (lig. 6). 

the Bothriocephalus (A ncistrocephalus) polyptera of Southwell, 1913. 
Krom Ophiocephalus striatus, and Labeo rohita, Bengal, India. 

The worm measures 17 mm. in length and has a maximum breadth of 

o-8 mm. Segmentation is definite and complete. The scolex is 

somewhat rectangular in shape, and bears two fleshy bothria ; 


Vic. 6. Ancistrocephalus sp. A.—Entire worm. about 18. x 75. C.—Ilead, 
end-on view. xX I40. (After Southwell.) 


anteriorly it terminates in an umbrella-shaped rostral disc armed 
with about fifty-six straight, spindle-shaped spines, arranged in a 
single crown around its circumference, and having the appearance 
shown in fig. 6. A neck is absent. The first proglottis is almost 
square, and the lateral posterior margin of each proglottis overlaps 


the succeeding one. The internal anatomy of the worm is entirely 


unknown. 
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Southwell pointed out that this worm differed from A. polyptera 
in the number of spines and in the size of those spines situated 
immediately anterior to the bothria. Apparently only two species 
of the genus are known, namely, A. microcephalus (Rudolphi, 18109), 
from the sun-fish, Orthagoriscus mola (marine), and A. polvptera 
(Leydig, 1853), from Polypterus bichar, a fish, the distribution of which 
is limited to the Nile, and to the river basins of Tropical Africa which 
drain into the Atlantic. As pointed out by Southwell, the occurrence 
of this worm in a Teleost is unique. The parasite cannot be referred 
to the genus Bothriocephalus because the bothria are well developed, 
and segmentation is distinct. The worm properly belongs to the 
genus Ancistrocephalus, but the number and form of the hooks 
are not identical with those of the species Polyptert. In the 
absence of any information relating to its internal anatomy, it has 
been thought inadvisable to make it the type of a new species. 


Family 4. Ptychobothriidae Lithe, 1902. 


Scolex usually with two bothria: sometimes armed: a pseudo- 
scolex may be present: segmentation complete, but sometimes 
obscured. Genital pores rarely marginal, almost always surficial, 
dorsal. Uterine pore ventral and situated in front of the genital 
pores. Receptaculum seminis, when present, a blind sac situated 
at the inner end of the vagina. Uterus never a rosette, usually a 
large sac with a small uterine duct. Iggs thin-shelled, usually not 
operculated. 

Adults in fishes and mammals. 

Type-genus :—Ptychobothrium Loennberg, 1889. 

Lithe (1902) erected this family and cited Bothriocephalus 
Rudolphi, 1808, as the type-genus. His reasons for doing so are given 
in his paper. 

This is directly contrary to the rules of nomenclature and cannot 
possibly be accepted. The error has been copied by both 
Cooper (1918) and Meggitt (1924). If the family name, Ptycho- 
bothriidae, is retained, then the type-genus must be Ptychobothrium. 
If, however, the type-genus of the family is Bothriocephalus, then the 
family name must be Bothriocephalidae. As it seems preferable to 
retain the family name, Ptychobothriidae, I designate the type-genus 
Ptychobothrium Locnnberg, 1889. 
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The family contains four genera. In two of these (Bothriocephalus 
Rud., 1808, and Clestobothrium Lihe, 1899) the uterus is sac-like, the 
bothria being feeble and the receptaculum seminis absent in the 
former genus, whilst in the latter genus the head is spherical, the 
bothria are sunk in the scolex, and the receptaculum seminis is small. 

In the other two genera (Ptychobothrium Loenn., 1899, and 
Laphrobothrium Liihe, 1899) the uterus is a coiled canal, and in the 
former genus the bothria are well developed, the vitellaria being 
situated in the cortical parenchyma, whilst in the latter genus the 
bothria are feeble and the vitellaria are situated in the medullary 
parenchyma. 

Two doubtful species from India which were placed in the genus 
Bothriocephalus Rud., 1808, are dealt with on page 428. 


Genus Bothriocephalus Rudolphi, 1808. 
= Dibothrium Diesing, 1850. 


Scolex elongated, with two bothria feebly developed. External 
segmentation indistinct but marked by a tooth-like notching of the 
lateral border. Uterine pore median and ventral ; male and female 
pores median and dorsal. Testes and vitelline glands continuous 
throughout the strobilus. Vitellaria in the cortex. Receptaculum 
seminis absent. First part of the uterus a sinuous duct (uterine 
duct) opening into a large spherical sac (uterine sac or uterus s.str.). 

Type-species :—Bothriocephalus scorpit (Miiller, 1776). 


Bothriocephalus pycnomerus Woodland, 1924 (Fig. 7). 

From the intestine of Ophiocephalus marulius, Allahabad, United 
Provinces, India. 

The worm measures up to 76 mm. in length and from 2 mm. to 
3mm. in breadth. The scolex measures about I-I mm. in length and 
about 0-7 mm. in maximum breadth. The anterior third of the scolex 
is narrower than the dilated posterior region, and terminates 
anteriorly in a truncated disc, the edges of which are drawn out into 
four lappets, each lappet being armed with about seventeen radially 
disposed, stout, rod-shaped spicules. In the middle region of the edge 
of each lappet, each spicule attains a maximum length of 73:2y, 
but in the grooves between each pair of lappets they measure only 
29:28. The dilated posterior part of the scolex bears two shallow 
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Fic. 7. Bothriocephalus pycnomerus. A.—Head. x 56. B.—Scolex spicules. x 250. 
C.—Anteriorend. x 17°5. D.—Dorsalaspect of worm. x 12. £.—Ventral aspect of worm. x 12. 
F’.—Portion of immature worm showing lack of correspondence between external segmentation and 
number of sets of genitalia. x 12. G.—Transverse section in outline through mature proglottid. 


x 17°5. (After Woodland.) 
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bothria. There is no neck. The lines of demarcation of the prog- 
lottides one from another vary greatly in distinctness and corres- 
pondence with the sets of genitalia in different regions of the strobilus. 
In the region where the genital rudiments first become distinct, each 
apparent proglottis contains from two to four sets of genitalia. In the 
region where the genitalia are mature, there is also often no exact 
correspondence between the outlines of the segments and the sets of 
genitalia. In gravid segments it is also impossible to make the 
indistinct segments correspond with the uterine sacs. In certain 
places, however, the segments are distinct and appear to contain a 
single set of genitalia. 

The excretory system consists of two excretory canals situated one 
on each side of the strobilus. 

The testes number from thirty to forty in distinct segments. The 
cirrus sac is large and muscular, and contains several coils of the 
ductus ejaculatorius. There is considerable variation with regard 
to the relative antero-posterior positions of the openings of the cirrus 
and uterine sacs. 

The ovary is a narrow bilobed organ situated at the posterior 
extremity of the proglottis. Irom it a short oviduct arises which 
opens into the odtype, which latter receives the openings of the 
vagina, the shell gland and the vitellaria. From the odtype 
the tubular convoluted uterus arises and opens into a_ spacious, 
transversely elongated uterine sac. Neither the uterine sac nor its 
opening is ever situated in the median line, but are found irregularly 
either to the right or to the left. 

The uterine eggs measure about 43-9 by 25-62". They are oval 
in shape, thin-shelled, and non-operculated. 

This species resembles B. /istiophorus Shipley, 1gor, except that 
in the latter species the scolex is apparently unarmed. 


Bothriocephalus histiophorus Shipley, 1go1 (Fig. 8). 


SynonyM :—The Bothriocephalus plicatus (Rudolphi) of Shipley, 1goo. 

l‘rom the gut of Histiophorus sp., Indian Ocean. The length of 
the worm is not known: the longest fragment measured 200 mm. 
and it had a maximum breadth of 3 mm. to 4 mm. 

The scolex is unarmed; there are two longitudinal slit-like 
bothria situated one dorsally and one ventrally, and a flat four-lobed 
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B.—Segment. 
Magnification unknown. 
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‘cap’ measuring I-5 mm., constricted near the posterior end. There 
isno neck. ‘The proglottides are funnel-shaped, and have markedly 
salient angles, especially anteriorly. The ripe proglottis measures 
0-16 mm. in length and 0-5 mm. in breadth. The cirrus opens 
median and dorsal; close behind it opens the vagina, the pore 
being surrounded by a well-marked sphincter muscle; the uterine 
sac is pushed irregularly to the right or to the left, and its pore is 
distinctly not median. The vitellaria are situated in the cortical 
parenchyma close to the cuticle. The testes number fifty to seventy- 
five, and are situated in the medulla. The ovary is a bilobed organ, 
and the odtype is conspicuous. A receptaculum seminis is absent. 
The uterine eggs measure 45 by 35m. 


Family 5. Amphicotylidae Nybelin, 1920. 


Scolex unarmed, distinct or indistinct, with or without a terminal 
anterior plate. Genital pores marginal, uterine pore rudimentary, 
situated dorsally or ventrally: vas deferens very coiled, divisible 
into a wide proximal thin-walled part and a narrow thick-walled 
distal part. Vitelline glands either in the medulla or cortex. 
I-xternal seminal vesicle absent. Cirrus frequently deeply cleft. 
Uterus a sac. Eggs without an operculum. 

Type-genus :—-A mphicotyle Diesing, 1850. 

No species of this family has been recorded from India. 


Family 6. Echinophallidae Schumacher, 1914. 


Scolex with two bothridia, each of which may bear an accessory 
sucker on its posterior margin. Strobilus flat or concave ventrally, 
convex dorsally. A single or double set of genitalia on each segment. 
Genital pores dorsal: uterine pore ventral. Cirrus armed with 
conical spines. Vitelline glands ventral to testes, and situated in the 
medulla, extending into the ventral cortical parenchyma. Recepta- 
culum seminis absent. Uterus consists of a slender proximal canal 
and a distal sac-like portion. 

Type-genus :—Echinophallus Schumacher, 1914. 

No species referrable to this family have as yet been recorded 
from India. 
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EXPLANATION OF LETTERING. 


c.f. = circular fibres. u. = uterus. 

¢.p. = citrus pouch. u.o. == uterine aperture. 

e.b, = excretory bladder. u.s. == uterine sac. 

é.v. = excretory vessel. V. = vagina. 

g-p. = genital pore. v.d. = vas deferens. 

If. = longitudinal fibres. v.g. = Vitelline glands. 

0. = ovary. vit.d. = vitelline duct. 

s.g. = shell gland. V.u.d. = Vagino-uterine aperture. 


t. = testes. 
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THE IMMUNOLOGICAL RELATIONSHIP 
OF YELLOW FEVER AS IT OCCURS IN 
WEST AFRICA AND IN SOUTH AMERICA 


BY 
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(I’vom the Department of Tropical Medicine, Harvard Medical School, 
Boston, Mass.) 


(Received for publication 16 November, 1928) 


Yellow fever, as it occurs in West Africa, is limited to 
comparatively small areas on the western coast and it is not endemic 
in districts relatively near at hand, where the conditions for propaga- 
tion appear to be favourable. Some doubt has arisen as to whether 
the West African disease has established itself in the new world, and 
considerable attention has been directed to the possibility that 
yellow fever as it occurs in the Americas may be a separate entity, 
entirely distinct in its etiology from yellow fever as it is known in 
Africa. 

Clinically, the symptomatology of yellow fever is fundamentally 
the same in Africa and in the new world. Minor differences have 
been noted in the symptoms of patients studied in British West 
Africa as compared with the classical descriptions of cases in America 
(1926). We agree with the interpretation that these differences are 
not significant since their range is not greater than the variation of 
symptoms in individual patients of any one region. In our own 
experience an identical train of symptoms was observed in a group of 
cases of yellow fever observed in Ecuador and in Senegal. 

The classical lesion of the liver in yellow fever, as determined by 
histological study, is virtually pathognomonic, as shown by the 
descriptions of Councilman (1890), Strong and Tyzzer (1913), and 
other workers. Klotz and Simson (1927) studied the pathological 
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lesions in thirty-five fatal cases in British West Africa. They have 
reserved their detailed discussion for the time being, but in a general 
way they found no fundamental differences as compared with the 
standard descriptions of yellow fever in the new world. Hoffmann 
(1928), in Cuba, concludes, from comparative studies, that the lesions 
of West African cases are identical with the findings in American 
patients ; he considers that the changes in the liver are, in principle, 
the same as those produced in experimental animals by Leptospira 
icterotdes. Specimens of liver which we collected from West African 
cases have been studied by Dr. E. E. Tyzzer, and compared with 
his own material from yellow fever cases in Ecuador; he finds 
complete agreement in the pathological process in both series of cases. 

In the old world, yellow fever is transmitted by the same insect 
vector (Aedes aegypti) as in America. We have, indeed, transmitted 
yellow fever from a patient in West Africa to a monkey by a race of 
Aedes which was taken from Havana, Cuba, to West Africa. 

An immunological comparison of various strains of yellow fever 
is quite feasible. It was first shown by Marchoux, Salimbeni, and 
Simond (1903), by means of experiments on volunteers, that the 
serum of patients convalescent from yellow fever possesses definite 
protective properties against the virus of the disease. Stokes, 
Bauer, and Hudson (1928), working with monkeys, have confirmed 
the findings of the French commission. The following data show 
the results obtained in testing convalescent serum from Brazilian 
cases of yellow fever for protection of monkeys (acacus rhesits) 
against a strain of yellow fever virus from West Africa. 


MATERIAL 


Following the work of Stokes and his associates, a strain of the 
virus of yellow fever was secured by one of us in West Africa, in 
conjunction with Mathis and Laigret (1928). We have also found 
that frozen tissues from infected monkeys afford a very reliable 
method for preserving and transporting the virus. This strain of 
yellow fever is extremely virulent for rhesus monkeys. Death 
sometimes occurs as early as three and a half days after subcutaneous 
inoculation with liver from an infected monkey, though ordinarily 
the animals die within four to six days after injection. Infective 
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material that has been stored in the freezing room (—8° C.) loses its 
virulence gradually. It happened that one of our series of experi- 
ments was carried out with material of low virulence. The 
experiment was repeated, using fully virulent material ; thus we have 
used a single strain of yellow fever of varying virulence and not two 
separate strains. 

Our material from Brazil consists of serum collected from patients 
approximately three and a half months after an attack of yellow 
fever. These sera were obtained in Parahyba, in July, 1926. Since 
that time they have been stored in Boston, at a temperature of 
about 2° to 4°C. As described in a previous publication (1927), 
all of these sera were tested, at the time of their collection, for their 
ability to protect guinea-pigs against Leptospira icterotdes and 
L. icterohaemorrhagiae. None showed any _ protective effect. 
Accordingly it seemed desirable to test the protective action of these 
sera against the virus of yellow fever. In this paper we have retained 
the same serial numbers for these sera which we used in the previous 
communication. 


TECHNIQUE 


Virus. For a convenient source of virus we have infected 
monkeys (Alacacus rhesus) with yellow fever, and sacrificed them late 
in the course of the disease, usually on the fourth or fifth day after 
injection. Small portions of the liver were preserved in the freezing 
room (--8° C.) for variable periods of time. The liver was prepared 
for injection by grinding it in a mortar with a little sand, adding 
sufficient physiological saline to make a turbid suspension. This 
suspension was used in I c.c. quantities. In one instance the brain 
of an infected monkey was used instead of liver. 

Convalescent serum. In one set of experiments the convalescent 
serum was injected intraperitoneally and the virus was given sub- 
cutaneously ; in a repetition of the protective tests, the serum and 
virus were mixed 7m vitro and injected at once subcutaneously. 
As arule, 2 c.c. of convalescent serum were used. The effect of these 
sera from yellow fever patients was controlled by testing convalescent 
sera from other diseases. We have used one specimen of serum from 
a case of unknown etiology and diagnosed clinically as ‘ infectious 
jaundice.’ Two specimens of serum were obtained from patients 
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convalescent from leptospiral jaundice (Weil’s disease), the diagnosis 
having been established by isolation of the leptospira. These sera, 
‘B° and * W,’ were designated in a former paper as ‘ Brazil’ and 
‘Washington.’ They had been tested previously and found to 
protect guinea-pigs against both L. icterohaemorrhagiae and 
L. icteroides (1927). Since their collection, one year and four months 
ago, these sera have been stored in the cold room (2° to 4°C.). 
There were also three other control sera which were used on one 
occasion only ; these are described in the preliminary experiment. 

Temperatures. In our experience, monkeys frequently die of 
yellow fever without showing any distinct rise in temperature. 
The normal range for rhesus monkeys varies rather widely (101° to 
104° F.). The temperature curve alone is inadequate for the detec- 
tion of mild infections such as might occur in monkeys inoculated 
with virus and convalescent serum. In these experiments we 
have not taken the temperatures of the monkeys as a routine, but only 
in special instances. 

Immunity Test. Yhe animals which were protected by the 
convalescent serum were subsequently given an immunity -test. 
For the purpose of distinguishing between active and_ passive 
immunity, a few monkeys were injected with convalescent serum 
only, at the time the protection tests were carried out. These 
passively immunised animals were used as controls in testing for 
active immunity in those animals which survived the protection 
experiment. 

Histology. In the monkeys which died, the gross anatomical 
diagnosis was verified by histological examination as judged by the 
characteristic degeneration and necrosis of the liver. Dr. Tyzzer 
has very kindly made the histological diagnoses for us. 


PRELIMINARY EXPERIMENT 


In view of the long period that the convalescent sera had been 
preserved, a preliminary test was first made with one specimen 
(No. 11). Three controls were tested. One of these (X) was a 
normal man who had never visited a yellow fever district ; the 
other two (Y and Z) had never been exposed to yellow fever but, 
about two years previously, during a visit in Liberia, both had a 
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short attack of fever of about three days’ duration. This fever was 
not due to malaria and did not show the characteristics of dengue. 
The animal which received the convalescent yellow fever serum 
remained well. The other three died of yellow fever within four to 
seven days after injection. The results of this test are given in 
Table I. 


Tarte I. 


Protective action of a convalescent yellow fever serum from Brazil against a strain of yellow 
fever virus from West Africa, with three control sera. 


* Typical yellow fever. 
+ Remained well. 


Protective Tests with convalescent serum using infective material 
of low virulence. In the next experiment we tested nine 
specimens of serum from yellow fever convalescents. As 
controls, three sera from cases of jaundice were used, one of these 
patients being diagnosed as ‘ infectious jaundice,’ and the other two 
(B and W) were convalescent from leptospiral jaundice. The serum 
was injected intraperitoneally and was followed at once by the 
subcutaneous injection of the virus. The results showed that the 
infective liver used in this experiment had an unexpectedly low 


Record of patient Protection test in monkeys using 2 c.c. of serum and I c.c. 
of virus 
| | ‘Temperature 
Character | Interval | 
Case of after Monkey Days after injection 
number illness recovery number) | — 
| I 2 3 4 | 5 | 6 7 
| | ' 
X Undetermined fever 1 year 11 months | I tor | 1024] 102°! 1038 | 1og® | 103° Dead 
in West Africa 
| 
| | 
Y Undetermined fever 1 year 10 months 2 1028 | 1028 | 1034 | 1038 | 1036 | Dying! 
in West Africa 
| | 
| | * | | 
7. Normal 3 tor? | 1028 | 1028 | ro44 Dying’ | 
| | | | | 
Yellow fever in Brazil | 4 months 4 1028 | 103° | 103%} 1028] 1088 | 
of moderate severity | | | 
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virulence. Of the three control monkeys, one died on the thirteenth 
and one on the eighteenth day, the histological examination con- 
firming the diagnoses of yellow fever. The third control became 
ill and recovered. During the third week after inoculation, this 
monkey refused his food for several days, and the ears looked 
yellowish. The temperature on the eighteenth day showed a 
suggestive but not definite rise (103-6° F.) and then became subnormal 
(98° F.) for a few days. The diagnosis of yellow fever was con- 
firmed later by an immunity test. 

Of the nine animals receiving convalescent yellow fever serum, 
two died and seven remained, to all appearances, perfectly well. 
One monkey died on the twenty-second day and the histological 
examination confirmed the diagnosis of yellow fever; the other 
one was found dead on the twenty-sixth day. There was no sub- 
cutaneous jaundice but the intima of the aorta showed yellowish 
staining. There was a pneumonic process in both lungs. The 
stomach contents showed no trace of ‘ black vomit.’ The liver 
was fatty and somewhat yellow. Histologically, the liver showed 
generalised degeneration of the parenchyma but no actual necrosis. 
The cells were finely vacuolated. A certain amount of sub- 
acute inflammation was present, as manifested by collections of 
polymorphonuclear leucocytes around the portal canals. This is 
not a typical picture of yellow fever. Ina repetition of the protection 
test, the monkey which was injected with some of this same specimen 
of serum remained well. 

Tests for active 1mmunity. One month after the injection of 
convalescent serum and virus, the surviving monkeys were 
tested for active immunity. We have not found data in the 
literature regarding the duration of passive immunity that may be 
expected in monkeys injected with human convalescent serum. 
We anticipated that the passive immunity would wear off in a few 
weeks, in accordance with the usual behaviour of animals injected 
with a foreign immune serum. On the contrary, the two animals 
that had been passively immunised one month previously became 
distinctly ill but recovered. The control animals died promptly, 
showing that the material used for injection was extremely virulent. 
Interestingly enough the survival of these two passively immunised 
controls does not invalidate this test for active immunity. Of 
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seven monkeys which survived the protection test, six died when 
tested for active immunity. One specimen of serum (No. 7), when 
injected without any virus, conferred passive immunity for a period of 
one month; this same specimen of serum when mixed with virus, 
protected the animal, but the passive immunity had disappeared 
at the end of one month. 

At the time when the protection tests were carried out, one of 
the control monkeys (No. 14) became ill and recovered. When the 
immunity test was made, this animal died one week after receiving 
an injection of extremely virulent material. Histologically, the liver 
was normal. The numerous controls show that this period of one 
week was ample time for the development of a fatal infection in the 
susceptible animals. 

This protection test therefore resulted in only one death 
attributable to yellow fever in the nine monkeys which received 
convalescent serum. It may seem difficult to draw reliable con- 
clusions from the results obtained with this weak virus. However, 
three control monkeys were injected with this material of low 
virulence ; two of these died of yellow fever and one became infected 
and recovered, the diagnosis being confirmed subsequently by an 
immunity test. In contrast to this result, six of seven monkeys that 
received convalescent serum died when given an immunity test. 
This is extremely good evidence that these six animals were not 
infected at the time of their protection test. The data of these 
experiments are given in Table II. 

Repetition of Protective Tests using Fully Virulent Matertal. 
The supply of several of these specimens of convalescent sera 
became exhausted, but seven were re-tested, using some infective 
liver that was fully virulent. Tor this purpose, an infected monkey 
was sacrificed on the fifth day of his illness ; portions of the liver 
were preserved in the freezing room (—8° C.) and were used on the 
following day. The virus and serum were mixed 7 vttro and injected 
at once subcutaneously in the monkeys. As controls, two monkeys 
were injected with a mixture of virus and with sera (B and W) from 
cases of leptospiral jaundice. Another monkey was injected sub- 
cutaneously with convalescent yellow fever serum only, i.e., without 
any virus. Of the seven monkeys receiving convalescent yellow fever 
sera, four survived and three died on the seventh day. The two 
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TaABLe II. 


Protective action of convalescent yellow fever sera from Brazil against a West African strain 
of yellow fever at a period of low virulence. 


| | 
| Immunity test with 
Record of yellow fever patients | Protection test using infective | fully virulent material 
material of low virulence after an interval of 
| | 1 month 
number of | Fate ofmonkey | | Fate of monkey | 
symptoms a” => | | 
| 
| | | | 
I Critical 33 ¢ | @ Lived | *Dying,7thday | Protection. 
| | active immunity, 
2 Moderate ...| 3% 6 2 Died, 22 days | No effect. 
2 Critical ...; 34 7 | I 1 Lived | Dying, 6th day |, Protection. No 
| active immunity, 
4 Benign | 3 8 2 | 1 Lived Dead, 7th day Protection. N» 
| | | | active immunity, 
5 Benign... 3 9 | 2] | Lived Died, 7thday | Protection. No 
| | | | active immunity, 
Mederate ...; 32 io | 2 Lived | Died, 6th day | Protection. No 
| | active immunity. 
Severe ...| 33 | 2 Lived | Lived Protection. 
immunised. 
y Moderate ...| 34 12 | 2 Lived 1 | Died, 7thday |, Protection. No 
active immunity, 
10 Moderate ... 34 13 | 2 I | tDied 26 days fron 
intercurrent! 
| disease. 
ConrrROL Cas¥s 
Leptospiral 14 | 2 Infected but {Died on 7th di 
jaundice recovered after immunity 
| | | test. from inter 
| | | current discuse. 
II | *Infective I 15 | 2 1 | Dying, 13thday jj)... | 
jaundice ’ | | | 
Ws Leptospiral 1} 16 2 1 | Died, 18thday || ... | 
jaundice | | 
Conrrots FOR IMMunNity Test 
( Passively immunised ) | 17 2 || «& | Lived “These sera con- 
- one month before - | ferred passive 
Il ( immunity test 18 2 || | Lived immunity {for 
i (one month. 
( Normal ) I9 | 1 | Dying, 5th day 
{ | 
( monkeys ) 20 | 1 | Died, 6th day 


* Dying signifies that the animal was 1 extremts and was sacrificed. Except where otherwise noted, death was 


duc to typical yellow fever. 
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control animals, receiving serum B and W, died on the fourth day. 
Combining the results of this repetition of the protection tests and 
the preliminary experiment, there were eight convalescent yellow 
fever sera which were tested against extremely virulent material ; 
five of these eight sera protected monkeys, the surviving animals 
showing no obvious signs of illness. 

Tests for Active Immunity. Yhe surviving monkeys were tested 
for active immunity two and a half months after their inoculation 
for the protection test. During this interval one had died of inter- 
current disease. There remained, therefore, only three animals 
that had survived the protection test and one control that had been 
injected with convalescent serum. These four were injected intra- 
peritoneally with virulent brain from an infected monkey. The 
passively immunised control died of yellow fever six days later, 
and the other three remained well. The conditions of our experiment 
do not give any information concerning the exact manner 
by which these monkeys acquired their active immunity. It 
is, of course, entirely possible that they passed through a mild 
but unrecognised infection during their protection test. An outline 
of these results is given in Table III. 

Failures. As yet we do not know with what regularity one 
may expect to find protective substances in the sera of patients after 
recovery from yellow fever. The percentage is probably high as far 
as one can judge from the reports already available in the literature. 
In one instance (Serum No. 11) we found that protective substances 
persisted in the circulating blood of the patient for at least four - 
months after recovery. Three specimens of serum failed to show 
protection against infective material of high virulence, but these 
sera were tested under unfavourable conditions, i.e., they had 
been stored in the cold room for two years. Under identical condi- 
tions of preservation there was a marked diminution in the titre of a 
serum (W) from a case of leptospiral jaundice. When this serum 
was first obtained from the patient, 0-01 c.c. protected a guinea-pig 
completely against a virulent strain of L. icterohaemorrhagiae. After 
storage for one year and four months, I c.c. of this serum afforded 
only partial protection, as manifested by the recovery of the guinea- 
pig after a sharp febrile reaction lasting from the third to the seventh 
day. Subsequently an immunity test showed that this animal was 
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no longer susceptible to <icterohaemorrhagiae. these 
circumstances, the absence of protective properties in some of the 
yellow fever sera is not surprising. It seems to us that there is no 
particular reason for questioning the clinical diagnosis of yellow 
fever in these patients. 


Taste III. 


Protective action of convalescent yellow fever sera from Brazil against a West African strain 
of yellow fever at a period of high virulence. 


Case Protection test in monkeys using fully Immunity test with fully | 
number virulent material virulent material after 
of an interval of 2$ months. | 
yellow | | Remarks 
fever Amount Amount Amount | 
patients | Monkey! of of Fate of of Fate of 
number} serum virus monkey virus monkey | 
| C.C. | | 
I 21 I 1 | Lived Protection. 
4 22 2 1 |*Dying, 7th day effect. 
| | 
5 23 I | Dying, 7th day 4 No effect. 
| | 
7 | | 2 Lived | I Lived _ Protection, actively immunised. 
8 25 | 2 I Lived | 1 Lived | Protection, actively immunised, 
9 26 | I°5 I Died, 7th day _ No effect. 
10 4 l Lived | Lived _ Protection, actively immunised. 
| | | 
CONTROL | 
Cases | 
B 280 s | I Died, 4th day 
Wo 2g | 2 I | Dying, 4th day | ioe, 4 an | 


ContrroL, PasstvELY IMMUNISED 23 Montus Berore Immunity ‘TEsr. 


| | 


* Dying signifies that the animal was in extremis and was sacrificed. Except where otherwise noted, death was 
due to typical yellow fever. 
t This animal died 40 days after the protection test from intercurrent disease. 


Discussion. In 1903, Marchoux, Salimbeni, and Simond found 
that injections of convalescent serum would protect man against 
the virus of yellow fever. They recommended the use of convalescent 


| 
Dying, 6th day | Expiration of passive immunity. 
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serum both as a prophylactic and as a therapeutic measure. In the 
data which we have just reported, two monkeys were passively 
immunised with convalescent serum. One month later, although we 
used serum of a foreign species (i.e., man) for immunisation, these 
two monkeys resisted the injection of a massive dose of yellow 
fever virus. Both became distinctly sick but recovered, indicating 
that the period of passive immunisation had nearly expired. This 
result confirms the very beautiful findings of Marchoux and his 
associates. 

Under the conditions of our experiments, three of eight sera 
failed to protect rhesus monkeys against a massive injection of an 
extremely virulent strain of yellow fever. This result illustrates 
once more the advisability of pooling specimens of convalescent sera 
when circumstances do not permit the titration of the individual 
specimens. 

In one instance, the French Commission (1903) reported an 
exceptionally long incubation period of thirteen days in yellow fever. 
This observation has received but meagre attention. In this series 
of experiments we were surprised to find that two monkeys, Nos. 16 
and 6, died of yellow. fever after extremely long courses of eighteen 
and twenty-two days. 

There is no ground for the view that two distinct entities have 
been included under the designation yellow fever. In West Africa 
the discussion of this point of view is not confined to medical men. 
Laymen in all walks of life on the West Coast have become imbued 
with the idea that treatment which is suitable for yellow fever 
patients in America is not at all applicable in Africa. It will be 
necessary to go through the process of re-educating the layman on 
this point in so far as the co-operation of the public is necessary in 
promoting the control of yellow fever. 


CONCLUSIONS 


Several specimens of sera obtained from patients in Brazil who 
were convalescent from yellow fever protected monkeys (A/acacis 
rhesus) against a strain of yellow fever which was obtained from 
West Africa. This immunological similarity in conjunction with the 
similarity in symptomatology and the identity of the pathological 
findings, denotes the etiological identity of yellow fever in West 
Africa and in America. 
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I. PROPERTIES OF UROBILINOGEN 


Urobilinogen is a chromogen which is derived from bilirubin 
by reduction, and is converted into the pigment ‘ urobilin’ by 
oxidation. According to Lovatt Evans (1925) bilirubin on reduction 
gives rise successively to mesobilirubin and mesobilirubinogen, the 
latter being identical with urobilinogen. The same authority 
expresses it schematically as below, where it is seen that the change 
from mesobilirubin to urobilinogen is reversible, the arrow pointing 
upwards indicating oxidation and the arrows pointing downwards 


indicating reduction. 
Bilirubin 


Mesobilirubin 


Mesobilirubinogen = Urobilinogen 
(CssH Oo) 
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The formation of urobilin is more complex and is the result of 
a series of reactions: Pryde (1926) states that urobilin is a mixture 
of pigments formed from the parent chromogen, and that it is, 
therefore, preferable to refer to the urobilin type of pigment rather 
than to urobilin itself. Lovatt Evans (1925) points out that it 
might be supposed that since mesobilirubinogen is identical with 
urobilinogen, that urobilin might be identical with mesobilirubin, 
but that this is not the case. 

This raises an important question, since apparently the oxidation 
of mesobilirubinogen (= urobilinogen) may give rise both to 
urobilin and mesobilirubin, which are not identical. For this and 
other reasons stated later, it has been considered preferable in this 
work to confine attention to the chromogen urobilinogen. 


II. ORIGIN OF UROBILINOGEN* 


The commonly accepted belief is that bilirubin is converted in 
the intestines by bacteria into urobilinogen. Some of this chromogen 
is absorbed into the capillaries of the portal system, and so reaches 
the liver parenchyma, but most of it is eliminated with the faeces. 
The absorbed portion, for the most part, is re-converted by means 
of the liver cells into bile pigment and re-excreted with the bile ; 
a small portion remains unchanged and is excreted in the urine. 
The classical experiment supporting the enterogenous origin of 
urobilinogen was that of Miller (1892), who found that occlusion 
of the common bile duct caused the disappearance of urobilin from 
faeces and urine. He also found that if, whilst the bile duct was 
occluded, pig’s blood was introduced by means of a tube into the 
patient’s stomach, urobilin appeared both in the faeces and urine. 
Ladage (1899), after the administration of bilirubin by mouth, 
obtained a marked increase in urobilin in the stool, and a definite 
increase in the urine. ‘These experiments show that bilirubin is 
converted into urobilin in the intestines, and that urobilin is absorbed 
from the intestines into the blood stream. In _ patients with 
obstructive jaundice no urobilin is found in the urine, and its 
absence is made use of as a diagnostic test of this condition. 


“Tam indebted to Wallace and Diamond (1925) for many references which are to be found in 
their excellent paper. 
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The second step in the process, namely, the conversion by the 
liver of the majority of the urobilinogen into bilirubin, is a point of 
considerable importance, in that many observers, finding excess of 
urobilinogen in the urine, regard the excess as evidence of a damaged 
liver which is unable to bring about the conversion. For example : 
Plehn, A. (1g08) states ‘ Urobilinuria is only a symptom of liver 
disturbance, from which, however, the continuation of malarial 
infection may be concluded with great certainty, supposing there 
is no other cause to explain the affection of the liver. Hence, 
urobilinuria need not necessarily be found in every case of malarial 
fever, for malaria may spare the liver exceptionally.’ MacCormac 
and Dodds (1923), in a paper dealing with the effects of arsenobenzol 
on liver function in the treatment of syphilis, conclude that if 
there be any damage to the liver cells, this property of converting 
urobilinogen into bile pigment is lost, and, therefore, urobilinogen 
accumulates in the blood and is excreted in excess in the urine. 
Hence, they consider that any excess of urobilin in the urine points 
to damage of the liver cells, and that the demonstration of such an 
excess may be accepted as evidence of liver defect. Notwithstanding 
the fact that Garrod and Hopkins as long ago as 1896 showed 
that urobilin from all sources was one and the same thing, Jacobs 
and Scheffer (1924) suggest that the urinary and faecal urobilin 
may be two different pyrrol complexes, not as yet differentiable, 
one of which is excreted by the kidneys, and the other by the bowels. 
They also state that in hepatic disease the faecal urobilin is normal 
or slightly increased towards the termination of the disease, while 
the urinary urobilin is greatly increased. Lastly Wallace and 
Diamond (1925) anaesthetised dogs with chloroform—a procedure 
which has been shown conclusively by Whipple and Speed (1914) 
and Davis and Whipple (1919) to cause liver damage—and obtained 
a decided rise in the urinary urobilinogen ; the rise in terms of dilution 
of the urine varied from I : 50 to I : 1,000, and was in their 
opinion undoubtedly proportional to the degree of liver damage. 

There are, however, some observers who state that the liver 
itself is capable of forming urobilinogen, without the intestines 
necessarily playing a part, and that the urobilinogen so formed 
reaches the kidney via the blood stream and is excreted in the 
urine, or, passing into the bile, reaches the intestine. Fischler (1g06), 
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Wilbur and Addis (1914), Schneider (1916), and Jones and Jones 
(1922), have brought forward evidence in favour of this hepatogenous 
origin of urobilinogen. To give one example only, Jones and 
Jones (1922) brought about an attack of haemoglobinaemia in 
a case of paroxysmal haemoglobinuria by immersing the patient’s 
hands in ice water for several minutes and then in warm water. 
The degree of haemoglobinaemia in the plasma reached its height 
about four to five minutes later, and that of bilirubinaemia three- 
quarters of an hour later. Turning to an examination of the 
duodenal bile they found that two hours after the operation, bilirubin 
was at its highest, and that the urobilin and urobilinogen values began 
to show definite increases over the normal; the latter reached a maxi- 
mum concentration three hours after haemolysis had been produced. 

It must be conceded, therefore, that it is possible that urobilinogen 
and urobilin can be formed in the liver, without the intervention 
of bacterial action in the intestines. 

To sum up :— 

(1) There is experimental evidence that urobilinogen is formed 
from bilirubin in the intestines and carried thence by the blood 
stream to the liver. 

(2) There is experimental evidence that the liver converts 
urobilinogen into bilirubin, and that when it is damaged it is less 
able to bring about the conversion. 

(3) There is also some ground for believing in a hepatogenous 
origin of urobilinogen, but confirmation of the experiments supporting 
this hypothesis is lacking. 

(4) Other theories of origin of urobilinogen are the haemato- 
genous, nephrogenous and histogenic, none of which appears to 
receive much support. 


III. QUALITATIVE AND QUANTITATIVE TESTS FOR 
UROBILINOGEN AND UROBILIN IN THE URINE 


Tests for Urobilinogen: When Ehrlich’s aldehyde reagent is 
added to a solution containing urobilinogen a red colour is produced. 
The reagent is made by dissolving 3 grammes of paradimethylamido- 
benzaldehyde in 100 c.c. of 50 per cent. hydrochloric acid. The 
test is a very sensitive one, and according to Fischer (1911) the reagent 
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will still give a reaction when one part of urobilinogen is diluted 
with 640,000 parts of water. 

The quantitative test used, which is based on that of Wallace 
and Diamond (1925) is as follows : 

Two thin test tubes of equal diameter are selected and 10 c.c. of 
urine to be tested are added to each tube. The tubes are chosen 
so that the column of urine in each measures 7 cm. To one tube is 
added 1 c.c. and to the other 0-2 c.c. of the reagent ; the tubes 
are then warmed slightly. The reading is made by looking through 
the mouth of the upright test tube resting on a white background. 
The relative amount of urobilinogen present is ascertained by 
diluting 1 c.c. of urine with known volumes of water until a point is 
reached when, on the addition of the reagent to 10 c.c. of the diluted 
urine a faint rose pink colour is just discernible ; this is referred to 
as the end point. After some experience the approximate dilution 
required can be gauged by the intensity of the colour produced when 
I c.c. of reagent is added to 10 c.c. of undiluted urine, and thus it 
may be necessary to make only three or four dilutions to ascertain 
the end point. When reagent is added to a urine containing 
urobilinogen in high concentration a deep red colour is immediately 
produced in the cold, and warming to body temperature will intensify 
the colour. 

With regard to the quantity of reagent required to produce 
the maximum colour, it was found that in undiluted urines 
0-75 to I c.c. of reagent was the optimum quantity. More than 
1 c.c. definitely obscures the result by producing a reddish brown 
colour. When, however, a urine contains a large amount of uro- 
bilinogen it may be necessary to dilute I c.c. of it with 500 c.c. of 
water before the end point is reached. In such a case, I c.c. of 
reagent will often obscure the end point by producing a yellow colour, 
but 0-2 c.c. will give a rose pink colour. The explanation of this 
phenomenon is not clear, but the importance of it is readily recognised 
when the end point is being sought. The time required for the 
full development of the colour is from three to five minutes. It is 
advisable to make the estimation by daylight ; artificial light and 
sunlight appear to intensify the colour. The quantity of urobilinogen 
is expressed in terms of the greatest dilution of urine in which the 
end point is found ; thus, if the end point is reached when I c.c. of 
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urine is diluted two hundred times, the quantity of urobilinogen is 
expressed as I : 200. 

Tests for Urobilin ; The presence of urobilin may be demonstrated 
in several ways, all of which are dependent on the observation of 
Jaffe (1868), that urobilin in an alkaline medium gives a green 
fluorescence in the presence of zinc chloride. Subsequently 
Schlesinger (1903) showed that when equal quantities of urine 
and a 10 per cent. solution of zinc acetate in absolute alcohol are 
mixed and filtered, most of the colouring matter is precipitated, and 
a Clear filtrate is obtained which shows a green fluorescence when 
even small quantities of urobilin are present. 

As in normal urine almost all the urobilin is in the form of 
a chromogen, it is necessary to oxidise the latter before proceeding 
to determine the total urobilin present. The most common onidising 
agents used are daylight, sunlight, and iodine. 

When studying the literature on this subject the writer was 
impressed by the fact that no evidence was produced that a total 
conversion of urobilinogen into urobilin had taken place. lurther- 
more, no precise directions are given regarding the procedure by 
which the oxidation is effected. Thus, Simpson (1911) allowed 
10 c.c. of urine to stand for some time fully exposed to daylight, 
Graham (1911) exposed urine in a tall measuring jar before a well- 
lighted window for two hours, Wilbur and Addis (1912) left faeces 
standing for from twenty-four hours in dim light, when most of the 
urobilinogen, they state, was turned into urobilin, and Saupe (1918) 
simply allowed urine to stand for twenty-four hours. With a view 
to obtaining more definite information on this subject the following 
experiments were conducted :— 

1. [qual quantities of a urine containing urobilinogen 1 :; 200 were 
placed in two corked bottles. The one bottle was allowed to 
remain on the bench in diffused light, and the other bottle was 
covered with black paper and put in a dark cupboard. In ten 
days’ time the uncovered urine contained urobilinogen 1 : 30, 
and the covered urine contained 1: 100, That is to say the 
urobilinogen content, after exposure to ordinary room light 
for ten days, had fallen from 1: 200 to 1: 30; this would 
correspond roughly to Wallace and Diamond’s (1925) findings, 
that the loss of urobilinogen in urine standing away from strong 
light was approximately one-fifth for every twenty-four hours.* 


* Tt is not clear exactly what these authors mean; whether for example on the second day a 
fifth of the original amount of urobilinogen is lost, or a fifth of the residual four-fifths present at 
the beginning of that day, My readings correspond to the latter interpretation. 
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2, A sample of urine containing urobilinogen 1 : 500 was put in bright 
uninterrupted sunlight for four hours. At the end of this 
period, examination showed that the urobilinogen was only 1 : 20. 


3. A specimen of urine containing urobilinogen 1 : 150 was put in 
a well-lighted window, but not in sunlight, for four hours. 
It was then examined and found to have a urobilinogen value 
of I : 20. 

It is clear from these observations that the oxidation of 
urobilinogen by light is markedly influenced by the intensity of the 
light, and that in dim light the process takes place much more 
slowly than is generally recognised. 

Turning now to the oxidation of urobilinogen by iodine, the 
statement is frequently found in the literature that a drop or two, 
or a few drops, of tincture of iodine should be added to convert 
all the urobilinogen present into urobilin. These statements do not 
appear to be supported by any proof that complete conversion has 
taken place, and my own observations actually suggest that this is 
not the case. To be certain of complete oxidation excess of iodine 
must be added, the excess can then be removed with starch, and 
the solution filtered. Such a filtrate will be found to give a negative 
reaction for urobilinogen with Ehrlich’s reagent. 

It is clear, therefore, that the oxidation of urobilinogen requires 
further study, not only as to the best means of effecting it, but also 
regarding the product or products which result. 

Other reasons which indicate the desirability of basing quantita- 
tive estimations on the chromogen rather than on urobilin itself 
are the following :— 

(1) It is very difficult to estimate the end point of fluorescent 
solutions. 

(2) Quantitative results based on the spectroscopic method are 
inaccurate because, as has been shown, the green fluorescence of 
urobilin may still be seen in a solution, although the spectroscopic 
bands of urobilin are no longer visible. 

(3) When Schlesinger’s reagent is added to a solution containing 
urobilin, some of the latter is precipitated, and is left behind on the 
filter paper in subsequent filtration. 

Ballerstedt (1924) pointed out that the blue fluorescence of 
quinine in the urine may influence the typical green fluorescence 
of urobilin. 
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IV. THE NORMAL EXCRETION OF UROBILINOGEN 
AND UROBILIN 


The statement made by Dixon Mann (1904) in his book 
‘ Physiology and Pathology of the Urine,’ that Urobilin exists in 
normal urine almost wholly as a chromogen, namely urobilinogen, 
although the pigment itself is sometimes present, is contraverted by 
many observers who state that urobilin is not found in normal 
urines. Some conception of the divergency of opinion on this 
matter can be gathered from the following extracts of comparatively 
recent authors. Plehn (1908) states that slight traces of urobilin 
are found in the urines of healthy persons, and Howell (1916) mentions 
urobilin among the constituents of normal urine. Simpson (1910), 
using the spectroscopic method, failed to find urobilin in any 
specimen of urine from healthy adults. As, however, Fischler in 
1906 demonstrated that Schlesinger’s fluorescent test 1s 22-5 times 
as delicate as the spectroscopic test, an observation which I have 
been able to confirm, Simpson’s negative findings cannot be accepted. 
Acton and Knowles (1913) write that ‘ Urobilin is not found in the 
urine of healthy persons,’ while Weltmann and Tenschert (1922) 
state that normal urines contain no urobilin in the morning specimens, 
whereas the afternoon specimens do. The latter statement is in 
accord with the opinion of Salen (1924) who found that the night 
and early morning urine is usually free from urobilin and a positive 
reaction with these specimens should be regarded as pathological. 

MacCormac and Dodds (1923) hold that a positive result with 
Schlesinger’s reagent indicates an excess of urobilin and a positive 
reaction with Ehrlich’s reagent, a pathological amount of urobilinogen. 
Nevertheless, the latter author writing with Beaumont (1924) in 
‘Recent Advances in Medicine’ states, on page 110, that a very 
small amount of urobilin is excreted normally in the urine, while, when 
describing Schlesinger’s test for urobilin, he concludes on page III 
that a positive reaction demonstrates an excess of urobilin. Pryde 
(1926), in ‘Recent Advances in Biochemistry’ concludes that 
urobilinogen is found in normal urine, and Gordon (1924) found that 
urobilinogen was present in II per cent. of normal people in this 
country. Wallace and Diamond (1925) state that urobilin is never 
found in the freshly-voided urine, but that in 1,000 ambulatory 
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patients urobilinogen was found in go per cent. in varying amounts 
from traces to I : 20. Saupe (1918) regards a faint rose colour 
with Ehrlich’s reagent as normal, and Kingsbury (1926) writes that 
traces of urobilinogen can be found in the urine of many normal 
persons. 

There is one fact that seems to have escaped the attention of 
some of these observers, namely, that the output of urobilinogen 
and urobilin varies from hour to hour and from day to day in the 
same individual. [Tor example, examination of one specimen of 
urine may be negative whereas that of the next specimen may be 
positive even when diluted twenty or thirty times. Examination 
of the afternoon urines of fifty normal persons showed the concentra- 
tion of urobilinogen to vary from nil to 1 : 30. In the case of 
one normal person, morning, afternoon and evening specimens of 
urine were examined five days a week for two months, and the 
maximum degree of urobilinogen recorded was I : 30. The morning 
and evening urines usually, but not always, contained less than 
the afternoon specimens. 

I am unable to agree with the statement of Wallace and Diamond 
that urobilin is not found in freshly-voided urines. I have obtained 
a green fluorescence by adding Schlesinger’s reagent to amyl alcohol 
extracts of freshly-voided urine under conditions which exclude the 
possibility that urobilinogen had been converted into urobilin. 
In pathological states, marked urobilinuria may be found in freshly- 
voided specimens. A case of cerebral malaria with intense 
urobilinogenuria was catheterized and the urine allowed to flow into 
a test tube containing amyl alcohol; the alcoholic extract was 
pipetted off at the bed side and Schlesinger’s reagent added. An 
immediate and distinct green fluorescence was evident and spectro- 
scopic examination showed bands of urobilin. 


V. THE OUTPUT OF UROBILINOGEN IN MALARIA 


Grim in 1893 was the first to point out that ‘ strong urobilinuria 
could be observed in malarial fever,’ and since this observation the 
subject has engaged the attention of many workers in England 
and other countries. With the exception of the papers by Saupe 
(1918), Wallace and Diamond (1925), and Kingsbury (1926), all 
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those consulted deal with the estimation of urobilin and not of 
urobilinogen. Wallace and Diamond (1925), in a paper entitled 
‘The Significance of Urobilinogen in the Urine as a Test for Liver 
Function,’ are apparently the only authors who have made definite 
quantitative estimations on urobilinogen in malaria ; their reference 
to the matter is brief and their observations limited to three cases. 
Saupe speaks of the intensity of the colour reaction in terms of 
pronounced rose colour, light red and dark red, and Kingsbury 
records his results by + when a pink colour was_ produced, 
and -- when a cherry red colour resulted. 

With a view to ascertaining whether an excess of urobilinogen is 
present in the urine in cases of malaria, and if so, whether it is 
a constant finding, numerous quantitative determinations have 
been made on a large number of cases. The method employed 
was that described earlier in this paper. As already stated, the 
amount of urobilinogen recorded is represented by the number of 
times a specimen of urine could be diluted and still give, on addition 
of Ehrlich’s aldehyde reagent, a distinct rose pink colour, when 
examined in a column 7 cm. long. 

Observations were made on eleven cases of simple tertian malaria, 
six of which were induced artificially in General Paralytics by 
inoculation of infected blood; forty cases of malignant tertian 
malaria, including two induced infections ; and four cases of quartan 
malaria, including two induced infections. 

It was early discovered that an excess of urobilinogen is not 
constantly present in the urines of malarial patients. While some 
of the urines examined showed enormous excess of urobilinogen 
(1 : 4,000), others showed none at all. In casting round for an 
explanation of this phenomenon it appeared possible that the 
occurrence of excessive amounts of urobilinogen might be of short 
duration and observable only .in occasional urines. With the 
object of investigating this problem more closely, every specimen 
of urine passed by a series of cases of malaria was examined over 
a considerable period. 

The results of this work are set forth in figs. 1-20. Each of 
these figures contains two graphs, one representing the temperature 
chart, the other the concentration of urobilinogen in the various 
specimens of urine. The time of administration of quinine and 
the amount given is also shown. 
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Records of the quantity and specific gravity of the urines were 
actually kept, but as it was found that the concentration of 
urobilinogen bore no apparent relationship to either, such records 
have not been included in this paper. 

Similarly it was found that the concentration of urobilinogen 
was not proportional to the number of parasites present in the 
blood. In some cases, excessive urobilinogenuria was found, 
although malarial parasites were very scanty in blood films ; in others 
the reverse was noted. 

In order to avoid any possible complications resulting from the 
administration of quinine it is proposed first to consider only those 
portions of the charts relating to the period previous to the 
administration of quinine. Analysis of the charts brings out clearly 
the following facts :— 

(1) In quartan malaria no increase in urobilinogen may occur 
for a prolonged period during which the patient may have a number 
of severe malarial paroxysms. This fact is well illustrated by 
figs. I and 2. Fig. 1 represents the findings in Case 37 artificially 
infected with P. malariae. This patient had parasites in his blood 
for twenty-six days and during this period had nine well-marked 
paroxysms, the temperature chart exhibiting a typically quartan 
character. No excess of urobilinogen was observed in any of the 
seventy-eight specimens of urine passed during this period. Fig. 2 
records similar negative findings in another case of induced quartan 
malaria (Case 38). This patient had parasites in his blood for ten 
days and during this period thirty-five specimens of urine were 
passed and all gave negative results with Ehrlich’s reagent; the 
temperature chart in this case exhibited a quotidian character. 
The third case of quartan malaria investigated was naturally infected 
(Case 35) and the results are set forth in fig. 3. During the three 
days he was under observation before treatment, eight urines were 
examined, two of which contained an excess of urobilinogen, viz. : 
1:75 andi: 100. Case 36, naturally infected with P. malariae, 
was observed for eight days before treatment, but as only certain 
of the urines he passed on these days were examined, no graph has 
been made for this case ; of the fifteen specimens examined, three 
contained an excess of urobilinogen, viz. I : 40, I : 50, I : 150. 

(2) In simple tertian malaria similar findings to those recorded 
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above for quartan malaria were observed, that is to say, no excess 
of urobilinogen occurred for prolonged periods during which the 
patients had a number of severe malarial paroxysms. 
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This fact is illustrated by figs. 4-9, which represent the 
findings in six cases of induced simple tertian malaria. Fig. 4 
represents the observations made in Case 33; the patient had 
parasites in his blood for four days, and no excess of urobilinogen was 
found in the thirteen urines passed during these days. Similarly, 
Case 32 (fig. 5) had parasites in his blood for four days, and fifteen 
urines were examined, only one of which contained urobilinogen in 
excess. Figs. 6, 7, 8 and 9g illustrate Cases 29, 34, 31 and 30 
respectively, and in these cases long periods occurred during which 
the urobilinogen output is within normal limits. An additional 
fact is, however, observed when the charts of these cases are consulted, 
namely, that occasionally a large output of urobilinogen is recorded 
which is of temporary duration. Thus, fig. 6 shows that in Case 29, 
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on the nineteenth day after inoculation with simple tertian malaria, 
the urobilinogen suddenly rose from normal to 1: 200 and then as 
quickly fell to normal again ; for six days before this rise, all urines 
passed gave a negative reaction with Ehrlich’s reagent. Case 34 
had parasites in the blood for ten days, and on two of these days 
urobilinogen was found in excess in the urine (fig. 7). Case 31 showed 
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a rise in urobilinogen in one of the thirteen urines passed during the 
five days that parasites were found in his blood (fig. 8); and in 
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Case 30 an increase in urobilinogen was found in one of the thirty-six 
urines passed during the ten days he had parasites in his blood, 
viz. I: 75 (fig. 9). 
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Of the five cases naturally infected with simple tertian malaria, 
complete records were obtained in Cases 27 and 28, and are set forth: 
in Table VI. 
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Case 27 was under observation for three days ; nine 


specimens of urine were examined and the maximum value o{ 


urobilinogen recorded was I : 350. 


Case 28 was only observed for 


one day, and the maximum value of urobilinogen recorded was I : Io. 


(3) 


Unfortunately, the severity of the infection makes com- 


parable observations almost impossible in malignant tertian malaria 


and relatively little information has been obtained. 


induced, and thirty-eight cases of naturally infected malignant 
tertian malaria were studied. 


The two cases of induced malignant tertian malaria were observed 
for some days before the administration of quinine; the findings 
in one of these (Case 25) are recorded in fig. 10, and the results in the 
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other are set forth in 


emmemee — Urobilinogen. 
------ == Incontinence of urine. 
o—o—o = ‘Temperature. 

gr. 30 = Quinine sulphate grains 30. 


Table VIT. 


In both cases incontinence of urine 


at intervals during the course of the disease prevented complete 


records being made. 


Case 25 was observed for eight days, and of 


the twenty-four urines examined, eighteen contained excess of 


urobilinogen. 


For two and a half days, during which it was possible 
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to examine every specimen of urine, there was a continuous high 
urobilinogen output ranging between 1:50 and 1:140. This 
patient had a very heavy infection with P. falciparum, and contrasts 
strikingly with Case 26, also inoculated with malignant tertian 
malaria. The latter case never developed a heavy infection, parasites 
always being scanty in the blood ; during the seven days he was under 
observation, twenty-three urines were examined and eleven were 
found to contain an excess of urobilinogen, the values ranging from 
1: 40to1: 250. The output of urobilinogen in Case 25 was, however, 
consistently higher than in Case 26, and of the urines containing 
urobilinogen in excess, 65 per cent. were found to contain urobilinogen 
exceeding I : 70 in Case 25, as compared with g per cent. in Case 26. 

Thirty-eight cases of naturally infected malignant tertian malaria 
were observed, but complete records were only obtained in twenty- 
live (vide Table VIII), representative findings of which are set forth 
in figs. II, 12, 13, 14 and 15. Figs. 12 and 13 represent the records 
of two such cases with parasites in their blood, who showed no 
increase in urobilinogen for two days before the administration of 
quinine. Similar observations are to be found in Table VIII. It 
will here be seen that Case 4 was observed for three days, ten urines 
were examined and none contained an excess of urobilinogen ; Case g 
was observed for one day, two urines were examined and urobilinogen 
found to be within normal limits ; Case 13 passed eleven urines in 
the four days he was under observation and none contained an excess 
of urobilinogen ; Case Ig was only observed for one day and two 
urines were examined, urobilinogen being within the normal limits in 
both. Thus, in six of the twenty-five cases of naturally infected 
malignant tertian malaria, no excess of urobilinogen was found 
during the short periods they were under observation. On the 
other hand, the remaining nineteen cases (Table VIII) showed 
excess of urobilinogenuria before quinine was given, and this, not- 
withstanding the fact that in many instances only one or two urines 
were examined. The excess ranged from I : 40 to I : 4,000. 

The enormous value of I : 4,000 was found in a case of cerebral 
malaria (Case 11) and the findings are set forth in fig. 16. This 
patient was admitted to hospital comatose, with incontinence of faeces 
and urine ; a specimen of urine was obtained by catheter, which, in 
addition to showing this high urobilinogen value, also contained a 
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marked degree of urobilin. He had had quinine prior to admission, 
but malignant tertian parasites were present in blood smears. 
Intravenous quinine was immediately given, and the following day 
urobilinogen values were I : I,200, I : 2,400 and I : 1,500, in morning, 
afternoon and evening specimens of urine respectively. Thereafter 
it rapidly fell and was normal after the sixth day. It may be noted 
here that the indirect van den Bergh reaction performed the day 
after his admission to hospital, was ‘ greatly excessive,’ and the blood 
bilirubin was 17:5 mgms. per litre = 3-5 units. Two other cases of 
cerebral malaria were examined and the maximum urobilinogenuria 
in each was I: 1,000; quinine in both cases had been given prior 
to the urinary examination. 

Comparing the output of urobilinogen in the induced cases of 
malaria, the following facts are evident. 

(a) In two cases of induced quartan malaria, 113 urines were 
examined before quinine treatment and none contained urobilinogen 
in excess. 

(b) In six cases of induced simple tertian malaria, 167 urines were 
examined before quinine was administered and 6 per cent. of the 
urines contained urobilinogen in excess. 

(c) In two cases of induced malignant tertian malaria, forty-seven 
urines were examined and 62 per cent. found to contain excess of 
urobilinogen. 

A comparison of the output of urobilinogen in naturally infected 
malarial patients is not as satisfactory, because the conditions 
under which the observations were made were not constant. Some 
patients had taken quinine before admission to hospital, others were 
observed only one day before treatment was commenced. The results 
are set forth in Tables I, 1V, VI and VIII. Table I shows that, in 
naturally infected malaria, the percentage of urines containing 
urobilinogen in excess is 23 per cent. in quartan, 37 per cent. in 
simple tertian, and 34:8 per cent. in malignant tertian malaria. 
These figure are, however, based on too few cases to allow of 
comparison. 

Atkinson (1913), describing the delicacy of Schlesinger’s test for 
urobilinuria, writes: ‘ The absence of this reaction, however, 
speaks strongly against acute malarial fever, a fact of great value 
when a quick diagnosis is to be made.’ Antic and Neumann (1917), 
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and Saupe (1918) state that urobilinogenuria is a_ constant 
phenomenon of malaria. Most of Saupe’s cases were simple tertian 
malaria; only one case of quartan and two cases of malignant 
tertian malaria were investigated, and he concludes that the 
urobilinogen reaction was pathological in all his cases. He also makes 
the following statement : ‘ The question whether undoubted malarial 
attacks may occur without urobilinogenuria apparently must be 
negatived in view of the experience based on our observations.’ As 
before mentioned, he made no precise quantitative estimations, but 
recorded the degrees of urobilinogen in the urine in terms of the 


Taste I. 


Showing the percentage of urines containing urobilinogen in excess of 1 : 30 in various malarial 
infections, both naturally infected and inoculated, before treatment was commenced. 


Number of 
| Number Number of | urines Percentage 
Species of parasite Ilow infected of urines containing of urines 
cases examined urobilinogen | containing 
in excess of excess 
I: 30 
| 
Naturally infected | 2 23 6 23 
P. malariae 
Induced 2 113 
| 
Naturally infected | 5 27 10 37 
P. vivax | 
Induced 6 167 10 59 
| 
Naturally infected | 38 | 181 63 34'8 
P. falciparum on 
Induced 2 47 29 61°7 


colour obtained with Ehrlich’s aldehyde reagent. Reynolds (rgrg) 
makes the remarkable statement that urobilinuria ‘is the most 
constant sign of continuous malarial fever.’ The results presented in 
this paper, based on accurate quantitative estimations and extending 
over long periods of observation, appear to show conclusively that 
excess of urobilinogen in the urine is by no means a constant finding 
in either simple tertian or quartan malaria, and similar results 
obtained in the urines of cases of malignant tertian malaria, observed 
for short periods (one to three days), show that excess of urobilinogen 
may also be absent in infection with P. falciparum. 
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It has been a matter of great difference of opinion among various 
writers whether the excretion of urobilinogen and urobilin in the 
urine is greater in infection with one species of malarial parasite 
than with another, and the following are some of the conflicting 
statements made. De Jonge (1904) found the highest output of 
urobilin in simple tertian malaria. Simpson (1grr) states the 
output was uniformly higher in malignant tertian than in simple 
tertian infections, and Acton and Knowles (1913) agree with 
Simpson’s findings. Gordon (1924) came to the conclusion that the 
differences in urobilin excretion in the different species of malaria 
were of a trivial character, and so he did not record them: and 
Ballerstedt (1924) and Hehir (1927) state that the output is the 
same in all types of malarial fever. 

It is necessary to emphasise that a comparison of the results 
presented in this paper with those of other observers is difficult when 
it is realised that with the exception of Wallace and Diamond’s work 
previously referred to, no quantitative estimations on urobilinogen 
in malaria have been previously recorded. Again, many of those 
who were content with qualitative observations, based them on the 
examination of one or two specimens, or a twenty-four hours’ 
specimen, of urine. As has already been shown, however, the output 
of urobilinogen is extremely irregular in point of time and quantity 
in almost all cases. An illustration of this last fact is well afforded 
by fig. 6, recording the results of Case 29. This patient passed four 
urines on the twenty-first day after inoculation with simple tertian 
malaria, the records of which are set forth in Table II below :— 


Taste IT. 


Showing the output of urobilinogen in the urine in Case 29 on the twenty-first day after 
inoculation with simple tertian malaria. 


Time specimen of | Quantity of urine passed _ Value of urobilinogen 
urine was passed | recorded 
6 a.m. 8 02. 
12 noon 10 02. 8:25 
| 
4.30 p.m. 6 ozs. 1:70 
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The 4-30 p.m. specimen contained a pathological amount of 
urobilinogen, viz., 1:70. If a twenty-four hourly specimen was 
made of these four urines, the urobilinogen value in it would be 1 : 22. 
The fact that a pathological increase of urobilinogen was present 
on that day would, therefore, pass unnoticed in the twenty-four 
hourly specimen. 


VI. THE RELATIONSHIP BETWEEN UROBILINOGEN 
EXCRETION AND TEMPERATURE 


In view of the conflicting statements in the literature regarding 
the relationship of rise of temperature to rise of urobilinogenuria, 
it was considered advisable to put on record the results of observa- 
tions on this point ; these may be summed up in the statement that no 
connection between pyrexia and urobilinogenuria was found. 

Simpson (1911) states that a rise in urobilin output occurs 
in the period of, and subsequent to, malarial pyrexia, though, as a 
rule, it does not attain to any very high figure. In malignant 
tertian malaria, he continues, definite urobilinuria sets in very 
shortly after the onset of the pyrexia, reaches its height on the 
second or third day, and then slowly diminishes ; the normal level 
of excretion is reached in seven to ten days unless a fresh paroxysm 
intervenes. Antic and Neumann (1917) write that urobilinogenuria 
is absent in the solitary attack, but appears twelve hours later, is at a 
maximum twenty-four hours after the attack, and is diminishing 
forty-eight hours after the attack. Again, Reynolds (1919) states 
that urobilinuria rises and falls with the fever, while Hehir (1927) 
concludes that during the decline of fever and in the intervals, 
urobilinuria is greatest. 

From a study of the charts included in this paper, the following 
facts emerge :— 

1. In quartan malaria, intermittent pyrexia showing a typically 
quartan character (fig. 1) or a quotidian character (fig. 2) may 
continue for twenty-eight days (fig. 1) or ten days (fig. 2), without 
excess of urobilinogenuria occurring on any day. 

2. In simple tertian malaria, pyrexia and hyperpyrexia were 
observed, while the urobilinogenuria showed no rise above the 
normal (figs. 4 and 5). In a case of simple tertian malaria where 
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increased output of urobilinogen was found (fig. 6), the increase 
appeared to coincide with the rise of temperature on the nineteenth 
and twenty-first days after inoculation, but on the twenty-second day 
a rise occurred in the apyrexial period. 

3. In malignant tertian malaria, e.g. fig. 10, no correlation 
between pyrexia and urobilinogen output is apparent. 


VII. THE RELATIONSHIP BETWEEN UROBILINOGEN 
EXCRETION AND SPLENIC ENLARGEMENT 


It has been stated by Acton and Knowles (1913) that there is a 
distinct relationship between the degree of enlargement of the 
spleen and the amount of urobilin present in the urine. Kingsbury 
(1926) found in malignant and benign tertian cases that the excretion 
of urinary urobilin increased with the size of the spleen; while 
Hughes (1926) states that the degree of splenic enlargement bears no 
relationship to the concentration of urobilin. The writer’s findings, 
which agree with those of Hughes, may be summarised as follows :-— 

I. Four cases of quartan malaria (Cases 35, 36, 37 and 38) were 
observed, and the results are set forth in Tables II] and IV. Case 35 
was observed for three days ; his spleen was not palpable and the 
maximum urobilinogen output was 1: 100. Case 36 was observed 
for eight days and the maximum urobilinogen output was I : 150; 
his spleen being palpable a handsbreadth. Case 37 was observed 
for seventy-eight days and the maximum value of urobilinogen 
recorded was 1:15; his spleen was two fingers palpable. Case 38 
was under observation for thirty-five days; his spleen was just 
palpable, and the maximum urobilinogen recorded was I : 25. 

2. Eight cases of simple tertian malaria were observed and the 
findings are set forth in Tables Vand VI. Here again no relationship 
between the degree of splenic enlargement and the output of 
urobilinogen in the urine could be detected. 

3. Interesting observations were possible in cases of malignant 
tertian malaria and the results of the twenty-seven cases studied, 
with reference to splenic enlargement, are,recorded in Tables VII 
and VIII. Case 11 (Table VIII) has already been referred to as a 
case of cerebral malaria with the enormous urobilinogen output of 
I : 4,000 ; his spleen was just palpable. Case 4 had a spleen palpable 
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two to three fingers below the costal margin, and the maximum 
urobilinogen value recorded during the three days he was under 
observation was I: 30. The most interesting case in this series is 
Case 1 (fig. 17 and Table VIII), the history of which is as follows :— 


The patient was a sailor, and was brought to the Liverpool School of Tropical 
Medicine on June 16th, 1928, having arrived from West Africa on that day. He 
said he felt well enough to go home, and was with difficulty persuaded to remain in 
hospital. His temperature was 102° F. and his pulse go, and after a long search a 
few malignant tertian malarial parasites were found in blood films. The next day 
(June 17th) he spent comfortably in bed. At 1 a.m. on June 18th he was suddenly 
seized with a sharp pain in the abdomen, and when examined at Io a.m., was com- 
plaining of pain all over the abdomen ; there was no localised tenderness, the spleen 
was not palpable, and as the bowels had not been opened for three days, an enema 
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Fic. 17. Case 1. Malignant tertian malaria. Splenectomy June 19, for ruptured spleen. 
emmeomee = Urobilinogen. o—o—o = Temperature. gr. 15 = Quinine sulphate grains 15. 


was given. Quinine, I5 grains, by mouth was given at 10.30 am. The pain 
persisted off and on throughout the day, but nothing untoward was noticed in his 
general condition, his pulse rate still being go, and the temperature normal. The 
following day (June 19th) he was still complaining of pain and it was decided to 
perform a laparotomy, a tentative diagnosis of appendicitis having been made. Blood 
was found in the peritoneum and a ruptured spleen, weighing 7 ozs., was removed. 
The capsule of the spleen was very wrinkled, showing that diminution in volume 
had occurred. Twenty days after the operation, from which he had recovered 
excellently, he had a rigor and malignant tertian rings were found in his blood. 
Examination of his blood every second day, from the day of the operation, had 
proved negative until the twentieth day, A count resulted in twenty parasites 
being found in too fields. Four urines were examined for urobilinogen before 
quinine was given, and the values recorded were 1: 50, 1: 40, 1: 30, 1:30. The 
effect of quinine will be referred to later. 
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The following points appear to be worthy of special notice : 

1. The patient’s spleen ruptured when he was lying comfortably 
in bed, there being no history of a blow or fall. 

2. Twenty days after splenectomy, a febrile paroxysm of 
malignant tertian malaria occurred, and parasites re-appeared in his 


blood. 

3. The attack subsided immediately with quinine treatment, 
and on the third day of treatment parasites were no longer found 
in blood smears. The pyrexia subsided, and did not recur for the 
following four weeks, during which he was under observation. 

4. Urobilinogen in excess of the normal was found in the urine 
before quinine administration. 

5. Asis mentioned later, administration of quinine was followed 
by a definite increase in urobilinogenuria. 

These observations appear to indicate clearly that there is no 


correlation between urobilinogen excretion and splenic enlargement. 


VIII. THE EFFECT OF QUININE ON THE OUTPUT OF 
UROBILINOGEN IN THE URINE OF NORMAL INDIVIDUALS 
AND OF GENERAL PARALYTICS 


The urobilinogen output was estimated in specimens of all 
urines passed by ten healthy people and by eight General Paralytics 
for three days before, and ten days following quinine administration. 
No increased output was observed. 


IX. THE EFFECT OF QUININE ON THE OUTPUT OF 
UROBILINOGEN IN MALARIA 


As it is now generally accepted that urobilinogen and urobilin are 
among the end products of haemoglobin metabolism in the body, 
it seemed not without interest to ascertain the effect of quinine on 
the output of urobilinogen in malaria. 

The results of this investigation are summarised in figs. I-20, and 
Tables III-VIII. 

All the cases were patients in the Tropical Wards of the Liverpool 
School of Tropical Medicine. It is obvious that it was essential to 
find out whether they had been taking quinine prior to admission. 
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This was, of course, known in the cases of induced malaria, but it was 
not always easy to ascertain in the naturally infected cases ; of the 
twenty-nine belonging to this category, to whom the question was 
put, only nine were able definitely to state that they had not taken 
quinine ; thirteen had had quinine, and the remaining seven had hac 
medicine prior to admission, but whether it contained quinine is 
unknown. Special reference is made to this point in the tables. 

In view of what has been said regarding the extremely irregular 
output of urobilinogenuria, it must be emphasised again that 
specimens of all urines passed must be examined, that a period o! 
observation before quinine therapy is necessary, so that the results 
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Vic. 18. Case 14. Malignant tertian malaria. 
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following quinine can be compared with those obtained before its 
administration. It will be readily seen that in some of the cases, 
it is difficult to decide whether increased urobilinogenuria following 
quinine treatment is actually present. It must be stated, however, 
that in this paper, a urobilinogen value exceeding 1 : 30 is regarded 
as indicating an excess of the chromogen, and thus if the concentration 
of urobilinogen in a specimen of urine passed the day before quinine 
administration, is say I: 200, and the day following is 1: 50, the 
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latter figure would be taken to mean a rise in urobilinogenuria, 
because it exceeds the maximum normal figure. 


I. 


Tacre III. 


The effect of quinine on the output of urobilinogen in quartan 
malaria is recorded in figs. 1, 2 and 3, and Tables II] and IV. 


Cases 


The effect of Quinine on the output of Urobilinogen in the urines of 2 cases of induced quartan malaria. 


| | 
Before Quinine ‘Treatment After Quinine ‘Treatment | 
| 
, Number of | Number of | Hours after | 
Number days between | specimens Maximum Maximum | first dose of | 
of case | Initials | finding of of urines value of value of | quinine | Maximum splenic 
| parasites and| examined | urobilinogen | urobilinogen | maximum | enlargement 
_ giving of | during these | recorded recorded — urobilinogen | 
| quinine days recorded | 
| | 
| 
37 L.D. 26 78 25 2 fingers 
38 10 35 329 | Just palpable 
| 


37 and 38 show no rise in urobilinogenuria ; but case 35 shows an 
increase in the urobilinogen output from 1:25 to 1: 130, thirty and 
a half hours after the first dose of quinine. Case 36, showed a small 


Tasie IV. 


The effect of Quinine on the output of Urobilinogen in the urines of 2 cases of naturally infected quartan malaria. 


| After Quinine Treatment | 


Before Quinine Treatment 


| | 
| Hours after 
| History of | first dose of 
Number | quinine Number of | Maximum |= Maximum quinine 
tease Initials | within a =Number of | specimens value of value of maximum — Spleen on admission 
| week of — days under of urines — urobilinogen urobilinogen | urobilinogen | 
admission observation examined recorded | recorded recorded | 
| 
oe 
35 D.I. No 3 8 I1:100 | I1:130 304 | Not palpable 
| 
~ + | 
36 J.C. | No 8 24 1:150 | 4:40 25 | Palpable hands 
| breadth 


rise following quinine. Thus in four cases of quartan malaria, 
a rise in urobilinogenuria was noted in two. 
2. The effect of quinine on the output of urobilinogen in simple 


tertian malaria is recorded in figs. 4-9, and Tables V and VI. In 


The effect of Quinine on the output of Urobilinogen in the urines of 6 cases of induced simple tertian ma! i;\,. 
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Table V. 


| | 


| Before Quinine ‘Treatment _ After Quinine Treatment 
| Number of | Number of Hours after 
Number days between! specimens | Maximum Maximum | first dose of 
of case | Initials | finding of of urines value of value of quinine Maximum splen), 
| parasites and} examined | urobilinogen urobilinogen | maximum enlargement 
| giving of | during these! recorded recorded | urobilinogen 
| quinine days | recorded 
— 
29 16 56 I 200 350 305 Just: palpable 
| | 
30 R.M. 10 36 I: 500 | 374 Just palpable 
31 Lew. 5 13 I: 50 I: 300 25 | Just palpable 
32 4 15 420 * go | Not palpable 
33 5 17 1:10 {Trace Not palpable 
| 
34 R.W.B. | 10 32 I: 100 I: 500 8 | 1 finger 
| 
| 


* Observations incomplete. Patient died day after quinine treatment had commenced. 


| Observations incomplete. Patient removed to mental hospital day after quinine treatment had 


commenced. 


figs. 4 and 5 the observations are incomplete, but fig. 5 demonstrates 
that a rise in urobilinogen had begun within twelve hours of quinine 
administration. Figs. 6, 7, 8, and g all show dramatic increases in 
urobilinogen in cases of inoculated simple tertian malaria following 
quinine, the peaks of the urobilinogen curves being reached in periods 
varying from eight to thirty seven ‘and a half hours after the first 
dose of quinine. Figs. 6, 7, and 8 illustrate that the rise in 
urobilinogen may be an abrupt phenomenon, so that one urine may 
contain it in great excess, although urines passed a few hours before 
or after may give normal values (fig. 8), or values only slightly in 
excess of normal (figs. 6 and 7). On the other hand, fig. g demon- 
strates that the rise in urobilinogen following quinine may be a 
more gradual process ; in this case the initial rise occurred four hours 
after the first dose of quinine ; a further rise was observed twelve 
hours later; the maximum value was not attained until thirty- 
seven and a half hours after treatment was instituted ; twenty-four 
hours later, urobilinogenuria had returned to normal. 

The results of quinine therapy in two cases of naturally infected 
simple tertian malaria are summarised in Table VI. One of these 
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‘Tarte VI. 


The efiect of Quinine on the output of Urobilinogen in the urines of 2 cases of naturally infected simple tertian malaria. 


| 
Before Quinine ‘Treatment After Quinine ‘Treatment | 
History of | — Hours after | 
mber quinine | Number of | Maximum | Maximum | first dose of | 
“se Initials | withina | Number of specimens value of value of = quinine —_— Spleen on admission 
week of | days under | of urines | urobilinogen) urobilinogen) maximum | 
admission | observation — examined recorded recorded | urobilinogen | 
| recorded | 
” P.M. Yes 3 9 1: 350 I: 200 30 | 3 fingers 
| 
28 G.]. No I 2 10 1: 750 224 | 1 finger 


(Case 27) gave a history of having had quinine within a week of 
admission ; the other (Case 28) had not had quinine prior to these 
observations, and twenty-one and a half hours after the first dose, 
urobilinogenuria rose from 1: 10 to 1: 750. It must be stated that 
in this case only two urines were examined before quinine therapy. 

Thus in eight cases of simple tertian malaria a rise in 
urobilinogenuria was observed in seven. The remaining case was 
incompletely observed on account of his mental condition. 

3. In malignant tertian malaria the effect of quinine was 
observed in twenty-seven cases, and the results are recorded in 
figs. 10-19, and Tables VII and VIII. In the two cases inoculated 
with P. falciparum, observations were incomplete on account of 
incontinence of urine, and it can only be said that whereas Case 25 
(Table VII) had this urinary complaint before and during quinine 
therapy, Case 26 (Table VII) had no incontinence before quinine was 


VII. 


The effect of Quinine on the output of Urobilinogen in the urines of 2 cases of induced malignant tertian malaria. 


Before Quinine Treatment After Quinine Treatment 
Number of | Number of | Hours after 
Number | days between specimens = Maximum | Maximum first dose of 
ofcase Initials | finding of of urines value of value of quinine Maximum splenic 
parasites and) examined urobilinogen! urobilinogen =maximum enlargement 
_ giving of | during these recorded recorded — urobilinogen | 
quinine | days | recorded 
| 
25 G.H.J. | 8 24 | 12130 1:75 sei I finger 
26 | R.T. | 8 23 | I: 250 1:400 | 684 Just palpable 


* In both these cases incontinence of urine renders the records incomplete. 
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VITT. 


Before Quinine Treatment 


The effect of Quinine on the output of Urobilinogen in the urines of 25 cases of naturally infected malignant tertiay 


After Quinine Treatment 


Number of 
specimens 
of urines 
examined 


we 


| No 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Unknown | 


| 


Unknown 


| 


be 


Unknown | 


Unknown 


Unknown | 


| Unknown | 


Maximum 
value of 
urobilinogen 
recorded 


Maximum 
value of 
urobilinogen 
recorded 
I : 200 
I: 400 
I : 1000 
950 
1: 80 
I: 100 
I: 
1 : 800 
I: 250 
I: 100 
I: §0 
I: 2400 
1:20 
I: 30 
12175 
1375 
I: 50 
I: 100 
I: 100 
I: 50 
1:40 
2250 
I: 350 


Hours after 
first dose of 
quinine 
maximum 
urobilinogen 
recorded 


684 
16 


Spleen on admission 


Splenectomy 
Not palpable 
Palpable 
Just palpable 
2 to 3 fingers 
Not palpable 
2 fingers 
Not palpable 
I to 2 fingers 
2 fingers 
Just palpable 
Just: palpable 
Just palpable 
Just palpable 
Not palpable 
Not palpable 
Not palpable 
I to 2 fingers 
Not palpable 
Not palpable 
Just palpable 
2 fingers 
Just palpable 
Just palpable 


malaria, 


| t] 
| | 
Number | | 
Number of | | 0 
days under 
| observation | | t] 
| | | | 
| FSB.) No 2 | | 1:50 | 
| | | 3 | 8 | 
| | | | v 
: 2 | J.P.M. No | 2 | 6 1 : 60 6 " 
| j | 
re 
| J.W.M. | No | 2 | 4 I: 140 | 24 | 
| | | 
| “Ne 2 | 4 | | 22 | 
6 P.R. Yes | 5 15 | | 20 | 
| | | | | | 
7 J.H.R. | Yes I | I | 82 | | 50} | f 
| § A.M. Yes | 2 | 6 | I: 10 | 67 | ’ 
| | 
: 9 | RG. | Yes | I : 2 | I: 10 | | 23 | 1 
>: 10 E.D. | | 3 | 8 | I: 100 | | 30 | S 
{ | 
} | | 
A.BP. I | I | 124000 | 17 | 
| ES. I | 2 | | | 
| | | | 
13 | J.M. | 4 11 | 1:25 | | | 
. | | | | | 
14 W.M. | 3 | | | 26 
15 L.G. | 2 4 | I: 500 | 96 
| 
16 | S.J.B. I | | I: §0 ‘ 
17 | RC. 4 | 13 | 1: 400 21 
| | | | 
8 | 2 | | 4:30 | $14 
| | | | | | 
19 A.D.D. Unknown I | 2 | | 74 
| | 
20» | 2 | 5 | 6 
| | | 
a | LT. | 6 12300 | 
| | 
2 | RB. | 4 | 1340 | 2} | 
3 IM 1 | 1: 750 | 9 
| | 
24 | j.N. 2 4 I : 1000 | 24 
| 
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administered, so that the rise in urobilinogen following quinine in 
this latter case is a definite finding although it may not represent 
the maximum urobilinogen excreted. 

It is difficult to draw conclusions from the results of quinine 
treatment of naturally infected malignant tertian malaria for several 
reasons. The severity of the disease in most of the cases makes the 
observation period before treatment extremely short, with the result 
that in many instances only one or two urines were examined before 
treatment commenced. Nevertheless, the results recorded in 
Table VIII bring out the following facts :— 

(a) Cases I, Ia, 2, 3, 4, and 5 stated that they had no quinine 
within a week of these observations, and all six showed a rise in 
urobilinogen output after quinine was administered, the maximum 
value being recorded in periods varying from two and a half to sixty- 
eight and a half hours after the first dose. Case 1 has been referred to 
previously as having ruptured his spleen while lying in bed, and as 
having relapsed from malignant tertian malaria twenty days after 
splenectomy. Quinine was given, and sixty and a half hours after the 
first dose a rise in urobilinogen was found ; the maximum rise was 
reached after a further eight hours (fig. 17). Normal values for 
urobilinogen were obtained in the urine preceding and following the 
specimen containing the maximum concentration, and were as 
follows :— 

July oth, 1928—2.30 p.m., Urobilinogen 1 : 20. 
4.30 p.m., Urobilinogen 1 : 200. 
6  p.m., Urobilinogen 1 : 15. 

Case 2 presents some remarkable features, as set forth in fig. 10. 
He was under observation for twenty-four hours before quinine was 
administered and passed six urines; the maximum urobilinogen 
value recorded was 1:60. Six hours after the first dose of quinine 
the urobilinogenuria was 1: 1,000, After a further four hours it was 
I : 120, and thereafter the normal level of excretion was reached and 
maintained, with the exception of two small increases to I : 40 and 
I : 50. 

(b) Cases 6-17 had all taken quinine within a week of admission to 
hospital, and a rise in urobilinogenuria following quinine was observed 
in nine of the twelve cases. It may be assumed that in some of 
these patients admitted to hospital with excessive urobilinogenuria 
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and having already had quinine, the maximum urobilinogen value 
had been reached, and they were being observed when the maximum 
value was present, or when urobilinogenuria was decreasing. 

(c) Cases 18-24 were the remaining cases of naturally infected 
malignant tertian malaria, and it was not known whether they had 
taken quinine previous to these investigations (Table VIII). These 
seven cases were found to have increased urobilinogenuria following 
quinine treatment. 

A comparison of the results of quinine treatment in the different 
malarias can with fairness only be made in those cases where it 
was known that quinine had not been taken previous to these 
observations. 

Thus :— 

r. In four cases of quartan malaria, a rise in urobilinogenuria 
was found in two. 

2. In seven cases of simple tertian malaria, a rise was observed 
in six; the maximum rise was from 1:10 to 1: 750, and the 
minimum from 1:50 to 1: 120. In the seventh case, the observa- 
tions were incomplete. 

3. In eight cases of malignant tertian malaria a rise was recorded 
in seven ; the remaining case was incompletely observed. 

Excessive urobilinogenuria or urobilinuria has been recorded in 
many diseases, and for this reason only uncomplicated cases of malaria 
have been included in this paper. 

Case 39 is an illustration of quartan malaria complicated by 
Kala azar, and the findings are recorded in fig. 20. In this case, 
excessive urobilinogenuria is seen to persist in spite of quinine 
therapy. 
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X. SUMMARY AND CONCLUSIONS 


1. Urobilinogen is present in normal urines. Its output varies 
from hour to hour and from day to day in the same individual ; it is 
usually present in greater concentration in afternoon than in 
morning or evening specimens. 

2. Cases with parasites of quartan, simple tertian or malignant 
tertian malaria in the blood may pass urine free from urobilinogen. 

3. Noexcess of urobilinogen may be found for prolonged periods 
in quartan and simple tertian malaria, during which the patients 
may have severe malarial paroxysms. 

4. It was found in greatest excess in malignant tertian malaria, 
particularly cerebral malaria. 

5. The output bears no relationship to pyrexia. 

6. The output bears no relationship to the degree of splenic 
enlargement. 

7. Urobilinogen may be present in excess in splenectomised 
malarial patients. 

8. Quinine increases the output in simple tertian malaria and 
malignant tertian malaria. Sufficient observations were not made 
in cases of quartan malaria, but out of four cases observed an 
increase was found in two. 

g. Quinine may increase the output in malignant tertian malaria 
in the absence of the spleen. 
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INTRODUCTION 
In view of the paucity of accurate quantitative records concerning 
blackwater fever, due chiefly to the abrupt onset of the disease 
and the conditions under which the majority of cases are seen, 
the following data obtained by a careful study of two cases of 
blackwater fever occurring recently in the hospital of the Liverpool 
School of Tropical Medicine, appear worth recording. 


CLINICAL DETAILS 


Case 1. W.H., aged 28 years, for thirteen years a sailor to and from the West 
Coast of Africa, with a history of malaria ‘on many occasions,’ was admitted to 
hospital on 28th July, 1928, having had malaria, for which he had received quinine, 
during the previous fortnight. He was pale but said he felt very well. 

On examination the spleen was just palpable during deep inspiration, but no 
parasites were found in the blood. In view of the history and of the splenic enlarge- 
ment it was decided to examine his blood for a couple of days, before commencing 
treatment with quinine. No malarial parasites were found, and 15 grains of quinine 
were given at 6 p.m. on the 3oth July. On the 31st a similar dose was given at 10 a.m., 
and again at 2 p.m. At 2.30 p.m. it was observed that the patient appeared to be 
becoming slightly jaundiced ; and at 4 p.m. he had a rigor and the temperature 
was 100° F. At 6 p.m. he passed blackwater, his temperature then being 104° F., 
and he complained of severe headache. The course of the pyrexia is shown in 
figs. I, 3 and 4. 

On the second day of blackwater he complained of acute tenderness, which 
persisted for several days, over the splenic area. From the ninth to the thirteenth 
day of the disease there were some troublesome attacks of epistaxis accompanied by 
severe headache, and possibly associated with the jaundice, which by this time was 
well marked. 

The urine passed during three days before the onset of blackwater had been 
examined for urobilinogen, and each specimen passed during the blackwater stage 
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and for twenty days afterwards was examined, attention being given to the following 
points :—quantity of urine passed, specific gravity, colour, reaction, deposits, bands 
of oxy- and met-haemoglobin, quinine, and bile pigments ; in addition quantitative 
estimations of urobilinogen, albumin, urea, and haemoglobin were made. 

The following records were also mind on the peripheral blood :—the degree of 
haemoglobinaemia, the blood non-protein nitrogen value and the van den Bergh 
reaction. No malarial parasites were found at any time. 

Case 2. A.B., aged 49 years, a sailor to and from the West Coast of Africa for 
twenty-six years, was admitted to hospital on the 2gth July, 1928, with a history 
of having had malaria many times. The most recent attacks were when homeward 
bound from the West Coast, two weeks previously, and a further Paroxysm two 
days before admission. The “day prior to admission he took Io grains of quinine, 
He was very stout, had an earthy pallor, and said he was ‘ not feeling at all well.’ 

The spleen was not palpable. Daily examinations of his blood failed to reveal 
any malarial parasites, but here again it was decided to give a course of quinine, and on 
the 1st August, 15 grains were given at 10 a.m., and again at 2 p.m. At 6 p.m. he 
had a rigor and passed blackwater, his temperature then being 102° F. The course 
of the pyrexia is shown in figs. 2, 3 and 4. 

On the 4th August, the total amount of urine passed (vide ‘Table XI) was only 
208 c.c., and suppression was threatening. He was given intravenously a pint of a 
solution containing 150 grains of sodium bicarbonate in distilled water, as recom- 
mended by Hanschell (1926). Three pints of such a solution were given on the 
following day, during which suppression, confirmed by catheterisation, was complete, 
the patient’s condition appearing extremely grave. On the 4th August, the urinary 
excretion gradually recommenced, and during this day a further two pints of sodium 
bicarbonate solution were given intrav enously, another pint being also given on thc 
following day. During the next three days he had recurrent attacks of haemoptysis, 
and moist rales were heard at both bases. Ascites developed and subsequently some 
generalised oedema. During the next fortnight he was very drowsy, the condition 
resembling a severe uraemic toxaemia. Jaundice in this case was slight. Con- 
valescence was slow and protracted. Similar observations to those of Case 1 were 
made and are recorded along with them, 


BLOOD EXAMINATIONS 


Parasites ; Careful examination of the blood for three days 
before the onset of haemoglobinuria and on frequent occasions 
during the next six weeks failed to reveal malarial parasites in 
either Case. 

Blood count ; This was done only in Case 1, and then not until 
convalescence, when eighteen days after the onset of haemoglobinuria 
the following figures were obtained : 


Erythrocytes... ... 2,700,000 per c.mm. 
Leucocytes g,000 per c.mm. 
Haemoglobin... 50 per cent. 
Colour Index ... 0-9 


A number of haemocrit readings were, however, made, and the 
figures obtained are recorded in Tables I and IT. 
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I. 


Showing the haemocrit readings at various times in Case tf. 


| 

‘Time after first passage of blackwater... ve | 2 days 7days 8 days 18 days 
| 


Ilacmoerit reading... sins 20°9% 25% 25% 


Taste Il. 


Showing the haemocrit readings at various times in Case 2 


| 
| 
Time after first passage of 
blackwater awe = 2 days | 3 days | 4davs | 5 days 13 days 
Ilaemoerit reading el 25% | 25°5% 25% 25% 23% | 240 25% 


Haemoglolinaemia ; The haemoglobin of the blood plasma was 
estimated after the manner described by Barratt and Yorke (1909) 
in which, after citrating the blood and throwing down the red 
cells by centrifugalisation, the bands of oxyhaemoglobin in the 
plasma are matched in a comparison spectroscope against those of 
a solution containing a known percentage of haemoglobin prepared 
from normal blood. According to these authors, values so obtained 
for normal plasma vary from 0-09 per cent. to 0-25 per cent. of red 
cells, while during the period of haemoglobinuria in blackwater 
fever the range was from 0-3 per cent. to 0-95 per cent., of red cells. 
Other observers seemed to have relied more upon the appearance 
of the plasma or serum and there is much diversity of opinion 
among them. Marchiafava and Bignami (1900) quoted the observers 
Berthier and Murri. Berthier found spectroscopic bands of oxy- 
haemoglobin in the serum, but he observed no change in its colour, 
during blackwater fever. Murri stated that haemoglobinaemia 
may exist for hours before the onset of haemoglobinuria, but Bignami 
himself was not able to demonstrate haemoglobin in the plasma. 
Plehn (1903), however, recorded the presence both of haemoglobin 
and also of bile pigment in the plasma. Hymens van der Bergh 
(1904) found spectroscopically bands of oxyhaemoglobin in the 
serum, although he noted no change in its naked eye appearance. 
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Stephens (1907) stated that haemoglobinaemia does occur in some 
cases, but that in others no haemoglobinaemia can be found, 
although at the time the haemoglobinuria may be actually increasing. 
Christophers and Bentley (1908) found free haemoglobin in the 
plasma, in one case equivalent to a 3-75 per cent. solution of blood, 
but in the majority of their cases it was less than the equivalent of 
a I per cent. solution. In only one case was the plasma tinged red. 
Arkwright and JI.epper (1918) found haemoglobinaemia in four 
cases out of ten. Dudgeon (1921) found haemoglobinaemia of 
varying degrees from faint tinging of the plasma to a deep coloura- 
tion, and he drew attention to its rapid disappearance. Patrick (1922) 
recorded a case in which, less than twelve hours after the first 
passage of blackwater, the serum was dark red. Thomson (1924), 
in seventeen cases out of fifty-one, found the serum varied 1n colour 
from orange to deep rose red. He stated that haemoglobinaemia 
preceded haemoglobinuria, and added that negative findings were 
due to the rapid elimination of haemoglobin from the serum. 
Manson-Bahr (1927) recorded that within two hours after the 
onset of haemoglobinuria in two cases, the serum was bright rose 
pink ; he also added that the haemoglobinaemia rapidly disappeared. 
Ross (1927) found a degree of haemoglobinaemia equal to 0-8 gms. 
of haemoglobin per 100 c.c. of plasma on the first day of blackwater, 
falling to 0-69 gm. haemoglobin per 100 c.c. of plasma on the third 
day. These values, using the standards of Barratt and Yorke, 
are equivalent to 2-13 per cent. and 1-84 per cent. of red cells 
respectively. In this case the haemoglobinaemia is seen to be 
either repeated or of some duration. 

The values obtained in the two cases here recorded are set forth 
below, and the comparatively short duration of the excessive 
haemoglobinaemia is to be noticed. 


Il. 


Showing the degree of haemoglobinaemia found at various times in Case I. 


‘Time after first passage of blackwater.... 44 hours | 7 days 8days  —_ 4 days | 21 days 


bands visible 
10 mm. 
column. 


Hacmoglobinaemia percentage O°OD 0°06 


4 
| | | 
| 
| | | 
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Showing the degree of haemoglobinaemia found at various times in Case 2. 

| | | 
Time after passage of black- | | | 
water | 47. | 68 99 120 | 144 165 


hours hours hours hours | hours | hours hours hours 
| } j 


| 


Haemoglobinaemia percentage | 0°84 | | | | Of20 | Of21 | | 


Van den Bergh reaction; This was determined according to 
the technique of Lepehne and McNee (1922), but for the quantitative 
result cobalt sulphate was used as a standard. 

Both cases gave direct and indirect positive reactions which 
former fact, if the underlying theory of the van den Bergh reaction 
be correct, indicates biliary obstruction. The liver in fatal cases 
of blackwater fever is found to be enlarged and congested, while 
the hepatic cells may show all stages of damage from cloudy swelling 
to actual necrosis. Frequently, the bile capillaries are choked 
with thick bile and cellular detritus and the gall bladder contains 
tarry viscid bile. Thus it is not surprising to find occasional clinical 
evidence of some degree of biliary obstruction. Ross (1927), 
however, examining twenty-one cases, found an indirect positive 
result in all, but only obtained a direct positive in three. These 
were the only three examined definitely later than the first day, 
and it is possible that in the remaining cases the obstructive condition 
had not had time to develop. 

Comparing the records of the eighth day in Case 1 with the 
seventh day in Case 2, and the fifteenth day in Case 1 with the 
fourteenth day in Case 2, the degree of bilirubinaemia in Case 1 
always exceeds that of Case 2, although in Case 1 each record was 
made a day later than the corresponding one in Case 2. Then 
again, at the twenty-second day in Case 1, the reaction still showed 
excessive bilirubinaemia, whereas at the eleventh day in Case 2 the 
normal was being approached. This indicates either a greater 
degree of damage to the polygonal cells of the liver or some continued 
excessive haemolysis in Case 1. It is hard to conceive that it 
could indicate a delayed excretion from the original haemolytic 
crisis, in view of the rapid disappearance of the haemoglobinaemia, 
and also in view of the experiments of Jones and Jones (1922), 
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who in two cases of artificially induced haemoglobinaemia showed 
the duration of the resulting bilirubinaemia to lie between one and a 
half and five hours. 

V. 


Showing the degree of bilirubinaemia at various times in Case 1. 


Van den Bergh reaction 
sas Units of bilirubin in 
Day of disease blood serum 
Direct | Indirect 
Sth | Positive +++ Greatly excessive Not estimated 
oth Positive Greatly excessive units 
sth | Positive ++ Excessive I°5 units 
22nd Faintly positive Excessive I‘O units 
Tasre VI. 


Showing the degree of bilirubinaemia at various times in Case 2. 


Van den Bergh reaction 
- | Units of bilirubin in 


| 
Day of disease | blood serum 
| Direct Indirect 
3rd Positive +- Fair excess Not estimated 
7th | Faintly positive Moderate excess Not estimated 
11th Negative Very slight excess | 0°3 units 
14th | Negative Normal units 
| 


Blood non-protein nitrogen determinations: The non-protein 
nitrogen was determined in oxalated samples of blood according to 
the method of Folin and Wu. The protein is precipitated with 
sodium tungstate and sulphuric acid, and the filtrate, after digestion 
with the phosphoric-sulphuric acid mixture and a little copper 
sulphate, is compared colorimetrically with a standard ammonium 
solution after the addition of Nessler’s solution to each. It is 
generally agreed that determinations of the non-protein nitrogen 
yield valuable information regarding renal function, and in this 
connection Beaumont and Dodds (1924) stated ‘It is safe to 
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conclude, therefore, until more evidence is brought forward, that 
the blood urea and non-protein nitrogen content form the best 
guide, both as to prognosis and to diagnosis.’ 

In the two cases here recorded, the blood and the urinary urea 
values show definite renal inadequacy. The nitrogen retention in 
the blood reached a peak towards the end of the second week. 
from which point recovery of the kidneys became manifest, Case 1 
showing practically as much progress in the following week as did 
Case 2 in the following three weeks. It is probable also that the 
nitrogen retention in Case I never reached the height of that in 
Case 2. As Case 2, however, appeared to suffer a milder haemolysis, 
these facts suggest that in this, the older patient, there was a more 
limited renal reserve, possibly due to some slight pre-existing 
chronic nephritis and his general appearance supported this hypo- 
thesis. Patrick (1922) recorded 84 mgms. of urea per 100 c.c. of 
blood in the serum of a patient less than twelve hours after the 
first passage of blackwater, but this is an isolated observation and 
there is no evidence of the normal level for the patient. It is of 
interest to observe that Thomson (1924) was of the opinion that 
there is no evidence that nephritis develops as a result of haemo- 
globinuria. 


Taste VII. 


Showing the blood non-protein nitrogen values at various times in Case 1. 


Day of disease... | 8th gth | 15th | 22nd 
| | | 
| 
| 
Non-protein nitrogen in mgms. per [oo c.c. _ 98 105 | 72 49 
Tasre VIII. 
Showing the blood non-protein nitrogen at various times in Case 2. 
Day of disease... 3rd | 7th | | | 20th | 28th | 35th | 4tst | 49th 
Non-protein nitrogen in mgms. 
per 100 ¢.c.— a0. ‘ins ee] TEE | 174 | 207 | 206 | 148 | 79 42 44 | 43 
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URINARY EXAMINATIONS 


General appearance: This conformed to that usually described 
in cases of blackwater fever. The relationship between the colour, 
the absorption spectrum, and the amount of haemoglobin are 
well shown in Tables X and XI, recording the results of urinary 
analysis. 

Volume passed: Examination of Tables X and XI, and figs 3 
and 4 reveals an interesting comparison between the amounts of 
urine passed in each case, and shows clearly the slower rate of 
recovery in the second. On the third day Case 1 passed 1468 c.c., 
whereas the twenty-four-hourly output in Case 2 did not reach 
1000 c.c. until the eighth day. Both patients were taking large 
quantities of fluid by mouth, excepting Case 2 during the first few 
days of deep lethargy, when, in addition to the intravenous 
injections, frequent rectal salines were also given. 

Reaction: Castellani and Chalmers (1919), writing about the 
urine in blackwater fever, stated ‘ the reaction is slightly alkaline.’ 
In the series recorded by Barratt and Yorke (1909) it varied, while 
Woldert (1912) stated that it was in his experience acid on almost 
every occasion. Deaderick (1914), although recording neutral and 
alkaline urines, gave the reaction as slightly acid in most cases, 
and Thomson (1924), in his Rhodesian observations, found the urine 
in nearly every instance acid, being alkaline on only two occasions. 

In Case 1 the reaction was acid throughout the whole of the 
disease. In Case 2 it was alkaline at first, becoming acid on the 
second day. The first intravenous sodium bicarbonate injection 
was given in the early evening of this day, but the specimen passed 
at 10.10 p.m. was still acid. It is, of course, possible that suppression 
had already set in and that this specimen was lying in the bladder 
before the alkaline injection was given. Thereafter alkalinity, 
apart from one specimen on the fifth day, was maintained until the 
seventeenth day, after which the reaction was acid. 

Specific gravitv: Kraus (1go4), in one case, recorded thirteen 
examinations, in none of which was the specific gravity below 
1006 and in eight of which it ranged from 1016 to 1034. Christophers 
and Bentley (1908) found in one case, during the first three days, 
values from 1017 to 1020. Barratt and Yorke (1909), in an investiga- 
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tion of twenty cases, recorded careful and complete examinations of 
almost every specimen of urine. In only three specimens was 
the specific gravity below 1005, and although the specimens 
immediately following two of these contained increased amounts 
of haemoglobin, there was on the whole no apparent relationship 
between haemoglobinuria and a low specific gravity. For the 
most part the values obtained by them were those of normal urines 
Deaderick (1910) gave 1015 as an average value for a large numbet 
of specimens. Brem (1911), watching one case over four days, 
found in eight specimens that the specific gravity varied from 
1022 to 1033, and Parsons and Forbes (1919) in three cases found 
values from Io10 to 1030. 

There thus appears to be little confirmation of the statement 
of Plehn (1920), who, in support of his hypothesis of the patho- 
genesis of blackwater, recorded low specific gravities of less than 
1005. Patrick (1922), for four twenty-four-hourly specimens, 
gave values of 1018, 1015, 1020, and 1025. Yorke (1g22), in 
a critical review of the pathology of blackwater fever, summarises 
the position thus: ‘ There appears then no justification for the 
general statement that the specific gravity of the urine in blackwater 
fever is abnormally low. It varies considerably, just as does that 
of the urine of normal persons, depending on a number of factors, 
one of the most important of which is the quantity of fluid ingested.’ 

The figures shown in Tables X and XI cannot be said to be 
low, especially having regard to the large amount of fluids taken. 

Deposits : Microscopical examination showed the usual deposits 
found in blackwater fever, namely granular débris, granular, 
epithelial and hyaline casts, together with renal epithelium. 
A transient passage of erythrocytes was seen in the 5 a.m. specimen 
of the fourth day in Case 1, while Case 2 showed some on the second 
and fourth days of the disease. Barratt and Yorke (1909), Woldert 
(1912), Boogher (1913) quoted by Thomson (1924), Dudgeon (1920), 
Thomson (1924) and others have also recorded such findings. 

In Case 2, in the last specimen passed on the first day, were 
seen some fine refractile red bodies of various sizes up to that of 
a red cell. Stephens (1907) mentioned the presence of minute 
reddish crystals which he suggested might be bilirubin, and Woldert 
(1912) also recorded their presence. Arkwright and Lepper (1918) 
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found some small yellow globules, one to four microns in diameter, 
which at first sight resembled red blood corpuscles. The bodies 
seen by us did not appear to be crystalline, but were homogeneous 
and spherical, and we were unable to identify them. 

Bile pigments: Easmon (1884), Plehn (1898), and Daniels 
(1g01), [quoted by Thomson (1924)} were unable to detect bile in 
the urine of blackwater fever ; Woldert (1912) also failed to find it 
in twenty-four cases, although he recorded the presence of bright 
red crystals of haematoidin in many of these. Arkwright and 
Lepper (1918) were able only once to demonstrate bile in the urine, 
while Plehn (1920) stated that in spite of severe jaundice bilirubin 
does not appear. Thomson (1924) stated that while it is not common, 
it does occur, however, and in a case suffering from severe jaundice 
he was easily able to demonstrate it. 

The two cases recorded here were examined by van den Bergh’s 
reaction and by Ehrlich’s diazo reaction. In the earlier specimens 
it was necessary to remove the haemoglobin before the tests could 
be made. The former test was performed by adding diazotised 
sulphanilic acid to the urine, the reaction being maintained acid. 
Ehrlich’s test was done by adding sulphanilic acid to the urine, 
diazotising by the addition of sodium nitrite, the solution then 
being rendered alkaline by adding ammonia. The value of these 
reactions in the urine appears to be doubtful, but it was considered 
that they might be more delicate than Huppert’s or the iodine test. 
The van den Bergh was consistently negative, but a positive reaction 
was obtained with Ehrlich’s reagent in the specimens marked with 
an asterisk in Tables X and XI. The significance of these results 
is not clear. 

Hay’s sulphur test for bile salts was negative. 

Quinine: The output of quinine in the urine was observed 
by means of Mayer’s potassio-mercuric 1odide reagent and is recorded 
in Tables X and XI. 

Haemoglobinuria : It was decided to determine the amount of 
blood being passed in the urine, and the only quantitative work 
on this that could be found in the literature was that of Barratt 
and Yorke (1g09) and of Arkwright and Lepper (1918). Stephens 
(1927), however, made the statement that in a severe case of black- 
water fever the equivalent of 100 c.c. of red cells may appear in 
the urine, as judged by matching against a solution of red cells 
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in water. Barratt and Yorke employed three methods. In the 
first, the urine was diluted and compared with the tinted glasses 
of a von Fleischl’s haemoglobinometer. In the second, the bands 
of oxyhaemoglobin in the urine were matched in a comparison 
spectroscope against those of a solution containing a known per- 
centage of haemoglobin prepared from normal blood. In the third 
method, the urine was centrifugalised to remove any deposit. It was 
then acidified, boiled, and the resulting precipitate measured in 
a graduated centrifugal tube after spinning down to constant 
volume. The tubes were previously calibrated by treating known 
percentages of haemoglobin, prepared from normal blood, in urine 
by the same method. Decomposition of the haemoglobin and 
turbidities due to bacteria rendered the colorimetric methods 
unreliable, and the values obtained in the precipitation method 
varied somewhat with different specimens of urine, and the rate of 
centrifugalisation. Arkwright and Lepper devised a method 
depending upon the conversion of the blood pigments into acid 
haematin by the addition of N/1o hydrochloric acid. This was 
then suitably diluted and matched with a standard of 0-5 per cent. 
of normal blood in N/ro hydrochloric acid saturated with chloroform. 
In our hands the colour matches were unsatisfactory, especially in 
specimens that had been standing for some days. 

In view of the serious objections to all these methods, a new 
method was devised. The percentage of iron in haemoglobin is 
remarkably constant, according to Butterfield (1909) and Evans 
(1925), and it appeared, therefore, that a more satisfactory estimation 
of the degree of haemoglobinuria might be derived from the chemical 
determination of the iron in the urine, due allowance being made 
for its normal iron content. 

To our knowledge this method has not hitherto been employed 
in blackwater, although for the determination of the normal iron 
in urine and in tissues there have been described several methods, 
of which the most satisfactory is that of Fowweather (1926). This 
consists, essentially, in digesting the urine with concentrated 
sulphuric acid, oxidising, and estimating the iron colorimetrically 
against a standard, using ammonium thiocyanate as an indicator. 
Acetone is also added to stabilise the colour and to minimise the 
interference of phosphates. 

The normal excretion of iron is said to be I mgm. to 1-5 mgm. 
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per diem, that is, about o-1 mgm. of iron per 100 c.c. of urine. 
Fowweather gives values of 0-043 mgm. to 0-044 mgm. per I00 c.c. of 
urine, and in ten normal urines we found an average value of 
0-06 mgm. per 100 c.c. The values obtained in the blackwater 
cases will be seen to be such that the fluctuations of the normal are 
comparatively of small moment. The haemoglobin of normal blood 
can be taken as 15 per cent., and thus any values obtained might 
be expressed in terms of normal blood, but having regard to the 
fact that during the blackwater crisis the quality of the blood was 
an unknown variable, it is more satisfactory to leave the urinary 
excretion in terms of haemoglobin. 


Metuop. For normal urine the titowing technique was used :—100 ¢.c. of 
urine were boiled vigorously with Io c.c. of iron free concentrated sulphuric acid in a 
300 c.c. Kjeldahl flask until frothing occurred, being then heated with caution until 
frothing ceased. Full flame was then applied until all the charred material had left 
the wall of the flask, and the fluid was homogenous. It was then cooled, diluted 
with distilled water, transferred to a 50 c.c. measuring flask and made up to this 
volume with distilled water. 10 c.c. of this solution were then taken in a 
pyrex tube and concentrated by boiling until all the water was driven off and white 
fumes were evolving. After cooling for half a minute, 0.5 c.c. of hydrogen peroxide 
(go to 100 vols. strength) was added drop by drop. It was again heated until 
white fumes were evolving, cooled, and in a similar way further small quantities of 
hydrogen peroxide were added. ‘This process was repeated until the liquid became 
clear and colourless, when oxidation was complete. It was then diluted with 2 c.c. 
of distilled water, transferred with rinsing to a 2§ c.c. measuring flask, where 1 c.c. of 
concentrated sulphuric acid was added. After mixing and cooling thoroughly, 
12°5 c.c. of acetone were added, then 3 c.c. of 3 M ammonium thiocyanate solution 
in distilled water, and finally the volume was made up to 25 c.c. 

Occasionally a slight precipitate was produced. This was rapidly removed by 
centrifugalization, just before making the comparison. 

The colour was then compared in a colorimeter with that produced in the 
standard, 

The standard was made by dissolving 0°7 gm. of pure ferrous ammonium 
sulphate in 50 c.c. of distilled water to which had been added 20 c.c. of iron free 
10 per cent. sulphuric acid. An N/ro aqueous solution of potassium permanganate 
was then added, drop by drop, to the point of complete oxidation, as shown by 
the colour of the final drop failing to be discharged. The solution was then made 
up to 1,000 c.c, and contained o°l mgm. of iron per c.c. As a standard for normal 
urine a portion of this solution was diluted ten times. ‘To make a reading, I c.c. 
of the dilute solution was taken in a 25 c.c. measuring flask, 12°5 c.c. of acetone and 
3 c.c. of the 3 M ammonium thiocyanate solution were added, and the volume 
was then made up to 2§ c.c. The colour was then compared with that produced in 
the urine solution. 

Optimum readings are obtained with urine solutions so adjusted as to give colours 
approximating in intensity to that of the standard. In the blackwater cases, for 
urines containing only a slight increase of iron above the normal, the method 
described was followed in detail. Where, however, the urine contained a large excess 
of iron, various amounts up to IO c.c, were placed directly in the pyrex tube along 
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with the sulphuric acid, and in some cases the undiluted standard iron solution 
was used. (= o'r mgm. of iron per c.c.) 

Where there is any doubt concerning the purity of the reagents, blank tests on 
these must, of course, be done. 


A most important advantage of the method, and it is a point 
to be emphasised, is that provided precautions are taken against 
contamination by extraneous iron from dust, apparatus or reagents, 
this method is applicable to urines, however old they may be. 

Arkwright and Lepper (1918) stated that blackwater urines 
probably never contain more than twenty-five per cent. of the 
amount of haemoglobin in normal blood (that is, approximately 
3:75 per cent. of haemoglobin), and the highest figure that they 
obtained was one-half of this. Examinations of Table X shows 
that the first two specimens passed in Case I, even after due allowance 
is made for the normal urinary iron, contained slightly more than 
the maximum figure these observers obtained. 

The comparative haemoglobinuria is well shown in figs. 5 and 6, 
and in Tables X and XI, where the loss in Case I is seen far to 
exceed that in Case 2. In Case 1, the haemoglobinuria during the 
first two days was equivalent to less than 100 c.c. of normal blood. 
In view of observations on a case by Ross, Thomson, and Simpson 
(rg10) and by Simpson (1911), suggesting that in an attack of 
blackwater fever, destruction of an amount equal to roo per cent. 
of the patient’s original blood may occur, it would follow that the 
urinary loss represents only a fraction of the total blood destruction. 
Thomson (1924) is also of the opinion that ‘in blackwater fever 
the amount of liberated haemoglobin excreted as this derivative 
(urobilin) is far larger than the amount passing unchanged through 
the kidneys.’ These facts alone would render it improbable that the 
haemolysis occurs extravascularly in the kidney. Further, Barratt 
and Yorke (1909) in haemoglobinaemia, experimentally produced 
by the intravenous injection of haemoglobin, showed that only 
a small fraction, varying from 3 per cent. to 25 per cent. of the 
total amount injected was excreted in the urine. This was also 
confirmed in further experimental work by Yorke and Nauss (19gITI), 
and by Pearce, Austen, and Eisenbrey (1912). 

Urobtlinogenunia: It has been generally accepted that urobili- 
nuria is present in blackwater fever, often to a marked degree. The 
time of its appearance, or of its increase, in relation to the period 
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of haemoglobinuria is, however, a matter of difference of opinion. 
Thus Stephens and Christophers (1908), writing of urobilin stated : 
‘Its occurrence in blackwater fever is very common, occasionally 
before the attacks, but more constantly after the oxyhaemoglobin 
has disappeared or together with it.’ Simpson (1910) was able to 
show that there was a great production of urobilin during blackwater 
fever, but the greater part of it was found in the faeces, the urine only 
excreting a small amount. The most interesting statement, and one 
that is quoted widely, is made by Soerensen (1914): it is to the 
effect that in attacks of malaria the urobilin output begins to increase 
before the onset of a paroxysm, and he was able to predict the 
paroxysm twenty-four hours before its occurrence. In one case he 
noted it in especially large quantities twenty-four hours before the 
onset of blackwater fever. This observation he applied to other 
cases and was thereby enabled to anticipate blackwater fever in 
fifteen cases and to warn the patient of its onset. He thinks that 
the urobilin acts as an indicator of danger, and he believes that by 
promptly applying a vigorous quinine treatment he was sometimes 
enabled to ward off the attack. James and Christophers (1922) 
stated ‘ urobilin is present in large amounts and its excretion continues 
into convalescence.’ Hildebrandt, according to Ballerstedt (1924), 
found the highest degree of urobilinuria in blackwater fever. Lastly 
Manson Bahr (1925), describing the pre-blackwater state, which in 
his opinion is a most definite condition, gives a list of the clinical 
signs by which it is recognised, and the following statement occurs : 
‘The urine is dark, due to the excretion of urobilin, and contains 
a slight amount of albumin.’ | 
The quantitative test for urobilinogen has been described in 
full by one of us in a previous paper (Owen, 1928), and the urines 
of the two cases under discussion were being examined for uro- 
bilinogen as a matter of routine following their admission to hospital. 
In Case 1 eight urines were examined during the three days prior to 
the onset of haemoglobinuria, and the maximum urobilinogen 
recorded was I : 50 (fig. 1). Similarly, Case 2 was under observa- 
tion for two and a half days before haemoglobinuria set in, and 
the highest urobilinogen in the eight urines passed during these 
days was I : 50 (fig. 2). In these cases, therefore, the urobilinogen 
in the pre-blackwater state was only slightly above normal, and is 
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among the lowest figures found in malaria. There was certainly 
no indication here of the presence of ‘ large quantities’ whereby 
the onset of blackwater fever could be foretold. If a large quantity 
of urobilinogen is any indication of the onset of haemoglobinuria, 
then those cases recorded in a previous paper (Owen, 1928) with 
urobilinogen values of I : 500—I : 4,000 surely might have been 
expected to develop the condition, but such was not the case. 

Case 1 developed an excess of urobilinogenuria, which increased 
to a maximum value of I : 450 (figs. I, 5, and 6) ninteeen hours 
after the onset of haemoglobinuria, and a continued raised 
urobilinogen output was maintained for ninety-three hours. Case 2 
developed excessive urobilinogenuria which increased to a maximum 
value of I : 175 (figs. 2, 5, and 6) seventy hours after the com- 
mencement of haemoglobinuria. The onset of the increase in this 
case, however, was not until sixty-two hours after haemoglobinuria 
commenced and the raised output was maintained for eighty-four 
hours. That is to say, in Case 1 increased urobilinogenuria occurred 
together with haemoglobinuria, while in Case 2 it occurred after 
haemoglobinuria had disappeared. The maximum output in 
Case I is comparable to that recorded by one of us (Owen, 1928) 
in 7 of 27 cases of malignant tertian malaria, whereas the excretion 
in Case 2 compares with that found in 14 of 27 cases of malignant 
tertian malaria. Maximum urobilinogen values far in excess of those 
obtained in these two cases were often met with in malignant tertian 
malaria, and also in simple tertian malaria. 

The normal level of urobilinogen excretion was reached on the 
fifth day of the disease in Case 1, and on the seventh day of the 
disease in Case 2, and thereafter remained normal during observation 
periods of seventeen days and forty-one days respectively. In 
neither of these cases, therefore, did its excretion continue 
into convalescence as was said to be the case by James and 
Christophers (1922). 

Albuminuria: This was estimated by means of Esbach’s 
albuminometer. The albumin in acid solution was precipitated 
by a picric acid solution—a procedure which was sufficiently 
accurate for clinical purposes. 

In blackwater fever, one half to two grammes per litre were 
given as the limit by Plehn (1898). Barratt and Yorke (1909) 
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recorded, after acidifying, boiling, and allowing to settle, a column 
of albumin equal to two-thirds of the column of urine taken, and 
Woldert (1912), by a similar method, obtained 50 per cent. of 
coagulable protein. Deaderick (1914) analysed thirty-four cases 
and found that the average variation of albumin was from one half 
to two and a half grammes per litre, although specimens were seen 
containing as much as fourteen grammes per litre. Arkwright and 
Lepper (1918), again using the method of measuring the precipitate 
after coagulation by heat and allowing to stand for twenty-four 
hours, found the albumin to vary from one quarter to one half of the 
volume of urine taken, and they also made the observation that 
traces sometimes persisted for even a fortnight. 

In the cases here recorded each specimen was examined, and 
the results are shown in figs. 5 and 6, and Tables X and XI. In Case 1 
the first, second, and third specimens contained eleven, fourteen, 
and ten grammes per litre, after which the concentration rapidly 
fell, and forty-eight hours after the commencement of blackwater 
the albumin was no longer in sufficient amount to be estimated 
quantitatively. Case 2 never reached half these concentrations, 
and it is of interest to compare the greater acuteness and severity 
in the first case with the greater chronicity and slower recovery 
of the second. In both patients, however, albumin was detectable 
in a fair cloud, on acidifying and boiling, for more than three weeks. 

Uvea excretion: The methods for determining the amount of 
urea in a specimen of urine are numerous, but clinically available 
methods are by no means accurate, according to Heitzmann (1921). 
Nevertheless they suffice for general practical work. The apparatus 
we employed was Doremus’ ureometer, decomposing the urea 
by a freshly-made solution of sodium-hypobromite, and measuring 
the nitrogen evolved. For the first fortnight of the disease the 
specimens of urine were examined separately, but afterwards twenty- 
four-hourly specimens were used. At first it was necessary to 
remove the protein, but when the albumin fell below the value 
estimated quantitatively in the Esbach’s albuminometer, its removal 
was omitted, as experiment showed that in small quantities it did not 
affect the urea readings. The urinary output of urea varies with 
the nitrogenous intake and may range from ten to forty grammes 
per twenty-four hours, but ordinarily it is about thirty grammes. 
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During convalescence on a standard diet the urea output in 
Case I lay between twenty and thirty grammes per day. In view 
of the fact that in the early days of the disease the diet was very 
restricted, fluids alone for the first week being allowed, the output 
of the first thirty hours is the only one that can with certainty be 
said to be low. There is here an interesting point of comparison, 
well shown in figs. 3 and 4, and Tables X and XI, with Case 2, 
where the excretion remained below 10 during the first ten days. 
In view of this fact a urea concentration test was done on this 
patient four weeks after the onset of the disease and the results of 
this are set forth below : 


Tasre IX. 


Showing the results of a urea concentration test in Case 2, four weeks after the onset of blackwater. 


. Quantity of | Urea Total urea 
Time of examination of urine ureaine.c. | percentage in grammes 
Immediately before 15 gms. of urea... 70 o84 
Half-an-hour after 15 gms. of urea... ... 84 | 1°2 1°008 
| 
One hour after 15 gms. of urea... exe 84 1°2 17008 
| | | 
Two hours after 15 gms. of urea ... 56 | 1°5 o°840 


This shows a delayed and impaired renal function, and is in 
keeping with evidence derived from the blood non-protein-nitrogen 
determinations and the general appearance of the patient. 

We have been unable to find in the literature any quantitative 
records of the urinary excretion of urea in blackwater fever. 
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SUMMARY 


Observations are recorded on two cases of blackwater fever and 
the findings are compared with those of other authors. 

Quantitative estimations of haemoglobinaemia, bilirubinaemia, 
and blood non-protein-nitrogen have been made. 

Figures are given for the volume and specific gravity of the 
urine, the degree of haemoglobinuria, urobilinogenuria, albuminuria, 
and the urea content. 

The degree of haemoglobinuria was determined by estimating 
the iron content of the urine and the method is described. 

The output of urobilinogen in the urine gave no indication of 
the onset of haemoglobinuria, as it was found to be no higher before 
the onset than in many cases of uncomplicated malaria. Excessive 
output did not extend into convalescence. 


We should like to express our indebtedness to Professor Warrington 
Yorke for his suggestions and helpful criticisms. 
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Showing Urinary Analysis of Case I. 
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Time Spectro- 
disease .c. | gravity | nogen hae i Tot: 
| | gravity oxyhaemo- pigments gen albumin Totalurea test for 
| globin gms, in grams, in grams. quinine 
I 6, 0 p.m, 154 1030 Acid 
opm. | 84 | 1030 + Negative I: 100 
2 6.0 am. | 28 ” | 169 2°16 Negative 
1. 0 | | ” 4 * 1650 ris 0°97 
. . . | 2 | 
3 | | | ” I: 200 588 0°29 
30 o | |» Light red Nil 597 0°39 4°02 
5.10 p.m. | 236 | 1010 | Ni ” 328 ons 
6. 0 a.m. | | ” ” I 50 | Trace 7°28 1. 
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The van den Bergh reaction was negative, but Ebrlich’s diazo reaction was positive 
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* The van den Bergh reaction was negative, but Ehlich’s diazo reaction was positive. 
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MISCELLANEA 


A DERMATITIS ASSOCIATED WITH 
‘BAYER 205’ TREATMENT OF RHODESIAN 
TRYPANOSOMIASIS 


(Received for publication, 29 October, 1928) 


Cases of Rhodesian Trypanosomiasis, whilst under treatment 
with ‘ Bayer 205’ (Germanin), sometimes develop a_ well-defined 
form of dermatitis. The writer has seen two such cases, and two 
more have been reported to him. In one case, the condition 
developed two days after the third injection of ‘ Bayer 205.’ It 
commenced with a papular rash of the face, neck, trunk, and flexor 
and extensor surfaces of the upper and lower limbs; the palms 
and soles remained free. The papules tended to coalesce, giving 
rise toa simple brawniness of the skin. Later the epidermis darkened 
and large blisters formed. The blistered parts, especially where they 
were subject to any trauma, became excoriated. After about a week 
the lesions began to heal ; the blistered and excoriated parts becoming 
dry and scaly. Some of the lesions were arrested at the stage of 
darkening of the epidermis before the blisters formed. Coincidentally 
with these skin lesions, there developed conjunctivitis, which became 
purulent, and stomatitis. 

G. MACLEAN. 
Tabora, 
Tanganyika Territory, 
Kast Africa. 
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Professor J. W. W. STEPHENS, F'.R.S., retired last September, 
after twenty-seven years’ service with the Liverpool School of 
Tropical Medicine. He was appointed Walter Myers Lecturer in 
Tropical Medicine in 1903, and from 1913 to 1928 he occupied 
the Alfred Jones Chair of Tropical Medicine. He has been a 
member of the editorial staff of this journal from its commencement 
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ATTEMPTS TO TRANSMIT LEISHMANIA 

TROPIC A BY BITE: THE TRANSMISSION 

OF L. TROPICA BY PHLEBOTOMUS 
SERGENTI 


BY 


S. ADLER, M.B., Ch.B. 


AND 


O. THEODOR, Ph.D. 


(Microbiological Institute, Hebrew University, Jerusalem) 
(Received for publication 17 January, 1920) 
PLATE I 


In previous papers (1925 and 1926) it was shown that Leishmania 
tropica is a natural parasite of Phlebotomus papatasi1, and that the 
flagellates naturally occurring in this sandfly produce oriental sore 
when inoculated into man. It was also shown that L. tropica 
ingested from human lesions ex-flagellates in P. papatasi1 and, 
after undergoing a cycle, produces forms which are infective for 
man (1926 and 1927). It was further shown (1927) that P. papatasii 
can be infected with different species of Letshmania by feeding on 
cultures through a membrane, and that L. ¢tvopica from cultures 
behaves exactly as L. tropica ingested from an oriental sore. As 
L. tropica adopts an anterior position in P. papatasit, it was concluded 
that transmission in nature takes place by the bite of the sandfly. 
It was, therefore, determined to infect sandflies with L. tropica by 
feeding on cultures through a membrane and to attempt transmission 
by bite on as large a number of volunteers as could be obtained, in 
order to eliminate possible negative results due to individual 
immunity. That a complete immunity to L. tropica, in the form of 
L.D. bodies from a human lesion exists, is shown by the 
following experiment, previously recorded in this journal (1926). 
Material from an experimental human lesion (a subcutaneous 
nodule) was inoculated into two human beings (20.4.26). One 


has remained negative up to date, and the other developed an oriental 
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sore from which L. ¢vopica was cultured (Strain F). The strain 
obtained from this case was used for infecting sandflies and 
attempting to infect human beings by bite. 

That there is immunity in man to the flagellates of L. tropica 
from artificially infected sandflies is shown by the following facts, 
also previously recorded in this journal (1927). Out of nineteen 
volunteers inoculated with L. tropica after a development of eight 
to twenty-one days in the sandfly, six developed oriental sore. 
The thirteen other volunteers are still negative. 

It is also shown (1927) that cultures of L. tropica on Locke-Serum- 
Agar lose their infectivity for man, but that infectivity is restored 
if the culture is passed through a sandfly. It was, therefore, expected 
that a positive result would eventually be obtained by feeding the 
sandflies infected with cultures on human beings. 

A strain of L. Tropica isolated on 11.8.27, from the above- 
mentioned case, was employed (Strain /). This strain was used 
because of its great infectivity for P. papatasii1. Strains of L. tropica 
vary greatly in their infectivity for P. papatasii, and this may 
explain some puzzling facts in the epidemiology of oriental sore, 
e.g., in Jericho, where P. papatasu is more numerous than in any 
part of the Middle East we have examined, and, where imported cases 
are few or none, a few cases of oriental sore occur annually, but the 
large majority of the population escape the disease. In Bar Elias, 
a village in Syria, P. papatasii and P. major are the only sandflies 
present which bite man, but P. major is rare and P. papatasii is 
abundant. During the last six years almost every person in the 
village has become infected with oriental sore and, accepting the 
sandfly theory of Leishmaniasis, the only vector to be considered is 
P. papatasii. In Bar Elias we are dealing with a strain which is 
highly infective for P. papatasi1, much more so than the strain from 
Jericho. We hope to discuss this point more fully in a future 
communication. 

A total of 750 laboratory bred sandflies were fed on emulsions 
varying from 100 to 6,000 per cmm., and of these 708 sandflies became 
infected. In nine experiments, 124 sandflies were fed on emulsions of 
from less than 100 up to 500 flagellates per cmm. (i.e., 10 to 50 
flagellates per feed), and 91 became infected. In two of these 
experiments nearly all the sandflies were infected (19 out of 20). 
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In addition, 69 sandflies fed on emulsions of L.D. bodies, in 
inactivated normal blood, from selected cultures in medium made 
up with immune serum, and 26 became infected. There was no 
difference in the infection rate between emulsions made up with 
normal and immune serum. 

There is evidence that blood is inactivated almost immediately 
in the sandfly. This evidence rests on the following grounds. 
Normal blood, both of man and of the rabbit, is strongly lytic for 
L. tropica, L. donovani and L. infantum. This lytic action depends 
entirely on complement, and disappears on inactivation. Re-feeding 
infected sandflies on fresh blood makes no difference to the infection 
rate and, in the majority of cases, does not influence the intensity of 
the infection in the sandfly. If sandflies are allowed to feed on an 
emulsion of L. tvopica in active blood, where the flagellates are 
rapidly disintegrating a high infection rate is, nevertheless, produced 
in the sandflies, proving that the lytic action ceases at once inside 
the sandfly. 

E.g. 18.9.27. An emulsion of L. ¢vopica in active rabbit blood 
was made up to 20,000 cmm. Twelve sandflies fed on this emulsion. 
After one and a half hours, when all the sandflies had fed, the emulsion 
was reduced to less than 300 per cmm. Nine of the sandflies were 
subsequently found positive. 

22.9.27. An emulsion of L. trvopica in active rabbit serum 
coloured with inactivated blood was made up to 2,000 per cmm. 
After half an hour the emulsion was too poor to be counted in a 
haemocytometer (less than 200 per cmm.); 45 sandflies fed on this 
emulsion half an hour after it was made up. Of these, Ig were 
subsequently found positive, proving that the lytic action of 
the serum ceased inside the sandfly. 

Because of the high infectivity of the strain of L. tropica used, 
the above experiments are not as conclusive as the following 
one. 

18.9.27. An emulsion of a culture of visceral Lezshmania from a 
dog in active rabbit blood was made up to 6,000 per cmm.; 37 
sandflies fed on this emulsion. The majority fed within 
half an hour after the emulsion was made up. The emulsion was 
found to be reduced to less than 300 per cmm.; 7 sandflies were 
subsequently found positive. Had the lysis continued inside the 
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sandflies as it did in the emulsion, the infection rate would have 
been almost nil. 

Occasionally one finds a rabbit serum which contains heat stable 
lysins not destroyed by inactivation or by heating to 75°C. for 
half an hour. Experiments similar to those above showed that the 
heat stable lysins are also inactive inside the sandflies. 

Table I shows the number of positive sandflies (infected from 
Strain J’) fed on each volunteer, the number of days after the 
infecting feed on culture, and the period during which the feeds took 
place. 

It will be seen from the table that there was a total of 253 feeds 
by sandflies (P. papatasi1) subsequently found positive. As most 
of the sandflies bit from two to five times before completing their 
feed, there was a total of over 500 bites. Of the 253 feeds, 54 were 
from six to seven days, 169 from eight to fifteen days, and 30 from 
sixteen to thirty days after the infecting feed. The sandflies were 
kept at temperatures of 19° C. to 23° C., and were re-fed at intervals 
of three days. 

In a few cases they were re-fed at intervals of two days. The 
longest time a positive sandfly, P. papatasii, lived was 32 days 
after the first feed. 


EXPERIMENT ON VOLUNTEER NO. 8, WITH P. sergentt. 


P. sergentt, No. 122. Hatched in laboratory. Fed on case of 
oriental sore from Artuf, 29.7.28. 

4.8.28. Bit volunteer No. 8 on the right forearm, but did not 
draw blood. There was a local reaction which lasted three days. 

Sandflies died two hours after biting. The cardia and the 
stomach were found heavily infected. 

Result : Negative up to date. 

The result of the feeding experiments with P. papatasit were 
negative in the case of volunteers 1, 3 to 12, and the puppy 
(volunteers I, 2 and 6, were also used for inoculation experiments). 


EXPERIMENTS ON VOLUNTEER NO. I. 


Sandfly No. 3606. Hatched in laboratory, 16.11.27. Fed on 
culture eleven days old, civc. 200 per cmm. Re-fed 21.11.27. Died 
and dissected 29.11.27. Heavy infection from stomach up to 
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TABLE I. 


Showing experiments with infected P. papatasii. 


Number of positive sandflies fed on volunteers 


Total 
number of 


infection feed Puppy _ sandflies 
No. | No. | No. | No. | No. | No. | No. | No. No. | No. | No. | No. | fed on 
I 2 3 4 5 | 6 7 8 9 To) 11 12 each day 
2 5 eve eve 3 12 eee eee eee eee eee 22 
2 3 2 eee 3 5 ove 3 18 
12 5 3 2 3 I 3 3 4 24 
14 4 2 1 4 I 3 15 
1s 1 3 2 2 3 I I 13 
16 eee eee eee 2 I eee 3 
| 
| 


LYotal Number 
of Sandflies 
ted on each 
Volunteer... 


67 7 


Per1oD DuRING WHICH EXPERIMENTS WERE PERFORMED. 


26.2.28. 
13.1.2! 
8.12.27. 
15.1.2 


On Volunteer No. 8. 
On Volunteer No. 9g. 
On Volunteer No. to. 
On Volunteer No. 11. 
On Volunteer No. 12. 


On the Puppy. 


No. 1. 
No. 2. 
No. 3. 29.11.27. 

No. 4. 19.12.27 to 
No. §. 21.10.27 to 
No. 6. 31.10.27 to 
No. 7. §-1.28 to 


11.12.27 to 
3.1.28 to 
6.12.27 to 
10.1.28 to 
3.1.28. 
14.11.27 to 


On Volunteer 
On Volunteer 
On Volunteer 
On Volunteer 
On Volunteer 
On Volunteer 
On Volunteer 


232.28: 
28.10.27. 
31.1.28. 


30.11.27. 


j 
q 
q 
| 
8.3.28. 
: 
%.1.28. 
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sandflies as it did in the emulsion, the infection rate would have 
been almost nil. 

Occasionally one finds a rabbit serum which contains heat stable 
lysins not destroyed by inactivation or by heating to 75°C. for 
half an hour. Experiments similar to those above showed that the 
heat stable lysins are also inactive inside the sandflies. 

Table I shows the number of positive sandflies (infected from 
Strain J’) fed on each volunteer, the number of days after the 
infecting feed on culture, and the period during which the feeds took 
place. 

It will be seen from the table that there was a total of 253 feeds 
by sandflies (P. papatasit) subsequently found positive. As most 
of the sandflies bit from two to five times before completing their 
feed, there was a total of over 500 bites. Of the 253 feeds, 54 were 
from six to seven days, 169 from eight to fifteen days, and 30 from 
sixteen to thirty days after the infecting feed. The sandflies were 
kept at temperatures of 19° C. to 23° C., and were re-fed at intervals 
of three days. 

In a few cases they were re-fed at intervals of two days. The 
longest time a positive sandfly, P. papatasii, lived was 32 days 
after the first feed. 


EXPERIMENT ON VOLUNTEER NO. 8, WITH P. sergentt. 


P. sergenti, No. 122. Hatched in laboratory. Fed on case of 
oriental sore from Artuf, 29.7.28. 

4.8.28. Bit volunteer No. 8 on the right forearm, but did not 
draw blood. There was a local reaction which lasted three days. 

Sandflies died two hours after biting. The cardia and the 
stomach were found heavily infected. 

Result : Negative up to date. 

The result of the feeding experiments with P. papatasit were 
negative in the case of volunteers I, 3 to 12, and the puppy 
(volunteers I, 2 and 6, were also used for inoculation experiments). 


EXPERIMENTS ON VOLUNTEER NO. I. 


Sandfly No. 3606. Hatched in laboratory, 16.11.27. Fed on 
culture eleven days old, civc. 200 percmm. Re-fed 21.11.27. Died 
and dissected 29.11.27. Heavy infection from stomach up to 
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Showing experiments with infected P. papatasii. 


Number of positive sandflies fed on volunteers Total 
Days after number of 
infection feed | Puppy sandflies 
No. | No. | No. | No. | No. | No. | No. | No. , No. | No. | No. | No. fed on 
| | i «6 7, | 9 10 | each day 


5 eee eee eee 3 12 eee 22 
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we 
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15 1 3 2 2 3 I I 13 
16 eee eve wee eve 2 eee ene I eee eee 3 
| 
| 


‘Total Number | 
of Sandflies 
fed on each 
Volunteer... 88 15 


le 

- 

N 
te 
Jt 


9 | | 3 | | 7] 7 


Per1ioD DuRING WHICH EXPERIMENTS WERE PERFORMED. 


On Volunteer No. 1. 3-9.27 to 8.3.28. On Volunteer No. 8. 11.12.27 to 26.2.28. 
On Volunteer No. 2. 25.9.27 to 8.1.28. On Volunteer No. 9. 3.1.28 to 13.1.28. 
On Volunteer No. 3. 29.11.27. On Volunteer No. 1c. 6.12.27 to 8.12.27. 
On Volunteer No. 4. 19.12.27 to 13.2.28. On Volunteer No. 11. 10.41.28 to 15.1.2 
On Volunteer No. 5. 21.10.27 to 28.10.27. On Volunteer No. 12. 3.1.28. 

On Volunteer No. 6. 31.10.27 to 12.2.28. On the Puppy. 14.11.27 to 30.11.27. 
On Volunteer No. 7. 5.1.28 to 31.1.28. 
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| 
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middle of the proboscis. Part of the flagellates inoculated into 
Volunteer No. 1, on left forearm. 

Sandfly No. 3607. Details as above. Part of flagellates 
inoculated into the same scarification as No. 3606. 

Result : Negative during observation period of thirteen months. 

A sandfly, P. sergenti 9, caught in Baghdad, 27.5.28. Died and 
dissected 28.5.28. Heavy infection with flagellates found in stomach 
and cardia. | 

Flagellates inoculated into two points in the left forearm of 
Volunteer No. I. 

Result : Negative during an observation period of seven months. 


EXPERIMENT ON VOLUNTEER NO. 6. 


P. sergenti 9, No. 106. Laboratory bred. Hatched 27.7.28. 
Fed on case of oriental sore from Artuf, 27.7.28. Re-fed on guinea- 
pig, 31.7.28., found dead on morning of 4.8.28. Dissected and found 
heavily infected. Inoculated on two points on arm of Volunteer 
No. 6. 

Result : Negative up to date. 


EXPERIMENTS ON VOLUNTEER NO. 2. 


The infected P. papatasi1 were fed on the upper and external 
part of the left forearm and on an area several inches square, about 
the middle of the left arm. These feeding experiments were carried 
out between 25.9.27 and 8.1.28. 

On the 11th of November, 1928 (ten months after the last feed by 
infected sandflies) this volunteer noted two small lesions on the 
left arm on the site on which infected sandflies had fed. These 
lesions were examined on 12.11.28, and found to consist of two minute 
vesicles unlike any oriental sore previously examined. Of the 
eleven experimental lesions which we have previously recorded, ten 
commenced as scaly papules, and one as a subcutaneous nodule. 
As the lesions occurred on a site on which sandflies had fed, they 
were opened, and smears were made and stained with Giemsa. The 
vesicles were found to contain a clear fluid full of extra-cellular L.D. 
bodies. On the 13th two more vesicles appeared in the neigh- 
bourhood of the first ones. These were examined on the 14th, and 
one was found positive. 

107 sandflies, P. papatasii, laboratory bred, fed on this case and 
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all were subsequently found negative. Only about a third of the 
sandflies fed directly on the lesion, and the remainder fed in the 
neighbourhood of the lesions. 

It seemed certain that these lesions were caused by flagellates 
of L. tropica introduced into the skin by the bites of one or more 
of the infected sandflies, but a slight element of doubt appeared. 
It was found that during the summer of 1928 Volunteer No. 1 
lived in the Bokharian quarter of Jerusalem, a quarter where there are 
always a number of imported cases of oriental sore from Baghdad, 
Aleppo and Persia and where, moreover, sandflies are very common. 
Although the lesions appeared on the site on which artificially 
infected sandflies had fed, nevertheless the possibility of the lesions 
being natural ones must be considered, particularly as several 
locally acquired cases of oriental sore have been noted in Jerusalem, in 
1928. The experiment cannot, therefore, be regarded as an 
absolutely conclusive proof of the transmission of oriental sore by the 
bite of P. papatasit. 


OTHER INOCULATION EXPERIMENTS ON THE SAME VOLUNTEER. 


Experiment No. I. 23.7.28. Culture material of L. tropica was 
inoculated into the tails of four mice, by the method recommended 
by Parrot and Donatien (1927), who demonstrated that mice are 
very sensitive to this method of inoculation with L. tropica. The 
same strain was inoculated into two points on the lower part of the 
left arm of Volunteer No. 2. | 

Result : Volunteer No. 2 has remained negative on the site of 
the inoculated points within an observation period of five months. 
Two mice were found positive on the inoculated sites after ten days. 
(Further experiment showed that mice inoculated by this method 
show L.D. bodies on the inoculated sites as early as five days after 
inoculation.) 

Experiment No. 2. 2.8.28. P. sergentt 2, hatched in laboratory 
on 27.7.28. Fed on the same day on case of oriental sore from 
Artuf. Sandfly kept at 27°C. Died and dissected 2.8.28. 

Flagellates from the mid-gut were inoculated into three scarified 
points on the right arm of Volunteer No. 2. 

Result : On 23.11.28 a raised spot was noted on the site of one of 
the scarifications. On examination, L.D. bodies were found. 
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Experiment No. P. sergenti, No. 232. Hatched in laboratory, 
7.8.28. Fed, 8.8.28, on case of oriental sore. Re-fed 12.8.28. 

16.8.28. Refused to feed. Died and dissected. Was found to be 
heavily infected. Flagellates inoculated into two points on the left 
deltoid region. 

Result : Negative up to date. 

The lesion on the right arm appearing actually on the scar of a 
previous inoculation with flagellates from an artificially infected 
P. sergenti, proves that after six days at 27° C. L. tropica in P. sergenti 
is infective for man. In this case the possibility of natural infection 
is negligible for, whereas sandflies might feed on a site several inches 
square, it is improbable that a wild infected sandfly should feed on 
a single experimental point. In the case of P. papatasi it was 
shown that L. tropica becomes infective for man after eight days at 
19 to 23° C. 


THE BEHAVIOUR OF L. TROPICA IN P. SERGENTI 


Sinton (1925) first suggested P. sergenti as a possible vector 
of oriental sore, after studying the distribution of the sandfly and 
the disease. Evidence obtained by a study of distribution of 
sandflies must be interpreted very cautiously. Oriental sore is absent 
in places where both P. papatasit and P. sergenti occur. We will 
deal with the distribution of sandflies and oriental sore in another 
communication. For the present we will confine ourselves to 
experimental facts obtained by feeding P. sergenti on cultures of 
L. tropica and on oriental sore. 

P. sergenti does not feed readily through membranes and under 
laboratory conditions we were not very successful in feeding this 
sandfly on man. Only a small proportion, varying from none to 
25 per cent. of laboratory bred P. sergenti were induced to feed on 
man and, working in Baghdad, we never succeeded in feeding wild 
P. sergentt on man although, in nature, these sandflies feed mainly 
on human beings. It was noted that P. sergenti feeds more readily 
on injured than on normal skin, while P. papatasit shows no selection 
and feeds equally well on both normal and injured skin. For the 
purpose of breeding P. sergenti we were compelled to leave sandflies 
all day in a cage containing a guinea-pig, and even then not more than 
about 10 per cent. of the sandflies fed. Fortunately, P. sergenti 
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lays eggs after one feed. Out of over 200 P. sergenti offered a feed 
on normal human skin, only five fed, whereas 25 out of 200 fed on 
oriental sores. 

Owing to the kindness of Dr. A. E. Mills we were able to carry 
out the following experiments in the Central Laboratory, Baghdad. 


JI. 


Experiments with membranes. 


Date Number of | 
Sandfly of flagellates Died Species | Result 
feed per feed | 
! 
No. 1 19.5.28 20 circ. 22.5.28 P. sergenti | Heavy infection in stomach. 
No. 2 19.5.28 20 circ. | 22.5.28 P. sergenti | Slight infection in cardia. 
No.3 19.5.28 20 cire. | 20.5.28 P. papatasi | Negative. 
Nos. 4-10! 19.5.28 | 20cire. | 22.5.28 P. papatasti | Heavy infections in stomach. 
No. 11 20.5.28 | 20 Cire. 22.5.28 P. sergenti | Negative. 
No. 12 20.5.28 20 circ. 24.5.28 | P. sergenti | Heavy infection in stomach. 
| Slight infection in cardia. 
' 
No. 13 | 20.5.28 20 circ. | 245.28 | P. sergenti | Slight infection only in cardia. 
No. 14 20.5.28 20 circ. | 24.5.28 P. sergenti | Negative. 


| 


The sandflies were all caught in Baghdad. They were kept 
at 30° C. 

The experiments, though few, are conclusive. They show that 
L. tropica once established in P. sergenti tends to the anterior position 
even if the infection produced in the sandfly is very slight. P. sergenti 
is, therefore, a probable carrier of oriental sore. 


THE INFECTION OF P. SERGENTI ON ORIENTAL SORE 


The sandflies used in the following experiments were laboratory 
bred from eggs laid by wild sandflies caught in Baghdad. They 
were infected in Mosul on a case of locally acquired oriental sore, and 
were subsequently transported to Baghdad, where they were 
examined. During six of the eighteen hours’ trip to Baghdad, they 
were subjected to a temperature of about 40°C. in an open car. 
The sandflies were kept in tubes encased in moistened lint. As will 
be seen from the following table, the high temperature during 
six hours had no deleterious effect on the development of L. tropica. 
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Feeding Experiments with P. sergenti on oriental sore in Mosul. 


Sandfly | Hatched 


| 
Fed | Died Results 
| 
No. 1 2.7.28 4.7.28 7.7.28 — Cardia and stomach heavily infected, attachment of 
| medium and long forms to cardiac valve. 
No. 2 2.7.28 4.7.28 | 7.7.28 Cardia and stomach heavily infected, attachment of 
| medium and long forms to cardiac valve. 
No. 3 | 3-7-28 5.7.28 | 7.7.28 | Heavy infection in stomach, long forms. oe 
No. 4 3.7.28 5.7.28 | 7.7.28 | Slight infection in stomach. 
— 
No. 5 | 3-7-28 5-7-28 | 7.7.28 | Heavy infection in stomach. 
No. 6 3.7.28 5-7-28 | 7.7.28 | Many ex-flagellating forms in stomach, mostly 
medium and short forms. 
No. 7 3-7.28 5-7-28 | 7.7.28 | Many ex-flagellating forms in stomach, mostly 
| medium and short forms. 
No. 8 3-7.28 5-7-28 | 7.7.28 | Negative. 
No. 9 5.7.28 6.7.28 | 7.7.28 | Ex-flagellating forms in stomach. 
No. 10 5-7-28 6.7.28 7.7.28 | Negative. 
No. 11 5-7-28 6.7.28 7.7.28 | Negative. 
No. 12 5-7-28 6.7.28 7.7.28 | L.D. bodies and ex-flagellating forms in stomach. 
No. 13 3-7-28 | 4.7.28 | 8.7.28 | Negative contaminated. 
No. 14 3.7.28 | 4.7.28 | 8.7.28 | Heavy infection in cardia, stomach and hind-gut. 
| forms. 
| | 
No. 15 3.7.28 | 5-7.28 | 8.7.28 | Heavy infection in stomach and cardia. Long forms. 
No. 16 3-7.28 | 6.7.28 | 9-7-28 | Negative. 
| 
No. 17 | 3.7.28 | 6.7.28 | | Negative. 


It will be seen from the above table that L. tropica ex-flagellates 
and multiplies rapidly in P. sergenti. It ascends the cardia within 
three days. Of seventeen P. sergenti, eleven became infected and, of 
two P. papatasii fed on the same sore, one was found infected. 

Laboratory bred P. papatasii and P. sergenti were fed on two 
cases of oriental sore from Dr. A. Dostrowsky’s Clinic at the 


Rothschild Hospital, Jerusalem. 


Case I was acquired in Baghdad and was, therefore, transmitted by 
P. sergenti or by P. papatasit. 


II 


Case II was acquired at Artuf, in Palestine, where P. papatasii 
is very common, and P. sergenti has never been found. Between 
every series of feeds, Case II had an injection of Stibosan. Smears 
were taken at regular intervals, and it was found that the parasites 
progressively diminished. It will be seen from Table IV that between 
27.7.28 (when L.D. bodies in the lesion were very numerous) and 
8.8.28, the infection rate in P. papatasii diminished markedly, while 
that of P. sergenti was hardly affected. It is, therefore, obvious that 
P. sergenti is a more suitable host for the development of the strain 
of L. tropica from Case II then even P. papatasi, though the organism 
behaves similarly in both sandflies. In three out of eight specimens 
of P. sergenti, which died six days after the infecting feed, flagellates 
were found in the proximal two-thirds of the proboscis. Out of 
sixteen specimens of P. papatasi: which died six days and more after 
the infecting feed, the proboscis was found infected only in two cases. 
In one case, in addition to the anterior infection, flagellates were 
found attached in the hind-gut of P. sergenti and the rectum was 
also heavily infected. 


‘TaBLe LV. 


Experiments with P. papatasit and P. sergenti on oriental sores. 


| Number of | Number of 
Case Date of feed P. sergenti Number | P. papatasii Number 
fed positive ted positive 
I. | 22.7.28 1 | 1 | 30 I 
25.7.28 | | 35 I 
I 27.7.28 | fe) 2 
ww II 27.7.28 9 | 5 23 10 
IT | 29.7.28 3 | 3 ! 16 4 
II | 1.8.28 | fo) | 36 
ll | 8.8.28 | 6 | 4 | 41 ‘ 
| 128.28 | 3 | I 33 
II. | 15.8.28 | 34 
Total | has sna ae! 25 | 15 | 285 37 


The sandflies were kept at a temperature of 27° C. 


| 
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These observations cannot be generalised for all strains of 
L. tropica, because strains vary enormously in their infectivity for 
P. papatasii. It is probable that they also vary in their infectivity 
for P. sergenti. As an example of the variation in the infectivity of 
strains of L. tropica for P. papatasii, the following records will be 


sufficient. 
Strain from Tunis. This strain was presented by Professor 
Nicolle, Director of the Pasteur Institute, Tunis. 


TABLE V. 


Behaviour of the strain of L. trepica from ‘Tunis in P. papatasii. 


Number 
Date Age | Flagellates of | Number | Remarks 
of of per sandflies positive 
experiment culture | otrcmm. | fed 
| | 
Days | 
13.1.28 14 | 80 22 19 | Dissected 4 to 8 days after in- 
fecting feed. 
| 
15.1.28 5 1,000 | 5 5 Dissected after 4 to 5 days. 
18.1.28 8 | 1,000 10 | 8 | Dissected after 2 to 6 days. 
23.8.28 7 | 600 30 | 28 | Dissected after 4 to 8 days. 


Strain of L. tropica isolated from oriental sore in Baghdad. 


Tasie VI. 


Behaviour of the strain of L. tropica from Baghdad in P. papatastt. 


Number 
Date Age | Vlagellates of Number 
of of per sandflics | positive Remarks 
experiment culture o'lcmm. | fed 
| | 
Days | | 
27.7.28 8 50 14 fe) Dissected 4 to 5 days after in- 
| fecting feed. 
29.7.28 10 | 80 | 25 | % Dissected after 4 to 6 days very 
| | slight infections. 
5.8.28 7 | 1,000 | 9 | 4 | Dissected after 4 to g days. 
| 
7.8.28 6 | 250 18 ° —- 


| 
g.8.28 | 8 | 250 20 
| 
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The strain of L. tropica isolated from a lesion on the left arm of 
Volunteer No. 2 was also only very slightly infective for sandflies. 
This strain showed an additional peculiarity in that it tended to 
die out in the sandfly, e.g. :—3.12.28. 27 sandflies fed on an 
emulsion of 1,600 flagellates per o-:r cmm. from a_ culture 
nineteen days old. Of 8 sandflies dissected within three days 
after the infecting feed, 6 were found positive. Of 19 sandflies 
dissected from four to ten days after the infecting feed, only 
2 were found positive. 

It is necessary to inquire why the results of feeding experiments 
with so many heavily infected sandflies gave negative results. 
We think that the reason is that at a temperature of 19 to 23° C., only 
a small proportion of sandflies acquire an infection in the proboscis. 
The pharynx is often completely choked and from here flagellates 
enter the buccal cavity. ‘The posterior part of the buccal cavity 
may also be plugged with flagellates but, unlike P. argentipes infected 
with L. donovani, the whole buccal cavity does not, as far as our 
observations go, become completely choked. (We have seen complete 
blocking of the buccal cavity of P. papatasii only in one instance. 
The sandfly was infected from culture of a strain of L. infantum.) 
Flagellates dribble down from the buccal cavity into the proboscis 
and they may pass almost up to the tip of the proboscis. Sections 
of some heavily infected sandflies showed flagellates in the ccelom 
and muscle spaces throughout the body and appendages, but not 
inside the ova. This condition appears to be without significance 
with regard to transmission. It is not known for how long an 
insect is viable in this state; the condition is possibly produced 
shortly before death or during the process of dying. We found 
later that at higher temperatures (27 to 30° C.) proboscis infections 
in P. papatasii are much commoner but, in the experiments recorded 
above, the sandflies were kept at 19 to 23°C. This is the probable 
reason for so many failures in our attempts to transmit by bite. 
Apart from temperature there may be other factors in wild infected 
sandflies which have not been reproduced in the experimental ones. 

The following method was used to determine whether flagellates 
can leave this sandfly via the proboscis. Sandflies were infected on 
cultures and were re-fed at various intervals. After eight days 
they were allowed to feed through a membrane at room temperature, 
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on inactivated defibrinated blood which was subsequently examined 
in fresh preparations and by culturing on Shortt’s N.N.N. In six 
experiments in which a total of seventeen sandflies with eight to 
seventeen days’ old infections fed through membranes, the result 
was negative. In two experiments in which infected sandflies were 
kept at 37°C. for half an hour before being placed in the feeding 
apparatus, positive results were obtained. 

Experiment I. Two sandflies fed 22.11.27 on emulsion of 
L. tropica (4,000 flagellates per cmm.), re-fed on puppy 27.11.27. 
Re-fed on a solution of haemoglobin through membrane, 30.11.27. 

After the feed a part of the fluid from the membrane was sown 
on two tubes of Shortt’s N.N.N., and the remainder examined in 
fresh preparations. 

Result: In fresh preparations three solitary flagellates were 
found. The tubes of N.N.N. were subsequently found contaminated. 

The two sandflies died 3.12.28. Both were found heavily infected. 
In one the upper part of the cardia was choked and no flagellates 
were found in the stomach. In the other the cardia was choked and 
the stomach was also heavily infected. In neither sandfly was the 
proboscis found infected although the proboscis of one or both 
sandflies was probably infected on 30.11.27. 

Experiment 2. Seven sandflies fed 19.1.28 on an emulsion 
of L. tropica, 3,000 flagellates per cmm. Sandflies kept at 37° C. 
23.1.28 re-fed. 27.1.28. Three sandflies re-fed through a membrane 
on inactivated rabbit blood. A part of the fluid from the membrane 
was sown on a tube of Shortt’s N.N.N.-Agar. The remainder was 
examined in fresh preparations. In nine preparations not a 
single flagellate was found. 

Result : 2.2.28, the tube of Shortt’s N.N.N. was examined and 
found positive. The culture was continued and found infective for 
sandflies no less than the parent strain (sixty sandflies fed and fifty- 
seven became infected). The strain was passed through a mouse 
and cultured and was still found to maintain its infectivity (147 
sandflies fed and 129 became infected). 

One of the sandflies died 30.1.28, and the stomach and cardia 
were found heavily infected. The second sandfly died on 31.1.28, 
and was fixed in Carnoy. Sections showed a heavy infection in 
pharynx, cardia and stomach. The third sandfly re-fed on 31.1.28, 
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was killed immediately after the feed, and was found heavily infected 
in cardia and stomach. 

The positive result obtained was quite unexpected as it was 
thought that flagellates in the proboscis are incapable of dividing 
until they enter a vertebrate host. 

In neither of the positive experiments could flagellates from 
the rectum have entered through the membrane, because in the 
feeding apparatus the rectum points obliquely downwards during the 
act of feeding. Even if flagellates would have been ejected on 
the membrane, it is impossible to believe that they could have 
penetrated into the fluid on the other side. The flagellates could, 
therefore, have entered the fluid above the membrane only through 
the proboscis. 

In both positive experiments only very few flagellates passed 
into the fluid during the act of feeding, in spite of the enormous 
infection in the sandflies. It was thought that flagellates might 
pass to the end of the proboscis and enter the duct of the hypo- 
pharynx from where they would be bound to enter the wound 
during the act of biting, but neither in dissected or sectioned 
specimens were flagellates found in the duct of the hypopharynx. 

We think there is a greater likelihood of obtaining a positive 
result by the bite of a sandfly if the latter is kept at a temperature 
higher than 22°C. Experiments are now in progress with sandflies 
kept at 27° and 30°C. 

In seeking for a possible insect vector of the Leishmanias of man, 
we must bear in mind that these organisms do not live long together 
with bacteria. Thus, insects with a rich intestinal flora, such as 
the housefly, can be safely excluded as possible vectors. Mosquitos 
often contain bacteria in their alimentary tract. Bed bugs can be 
excluded as carriers because they do not occur in Baghdad. 
Unfortunately, the intestinal flora of biting insects has not been 
sufficiently studied. The alimentary tract of P. papatasit and 
P. sergenti is bacteriologically sterile. Although the larvae constantly 
devour bacteria, yet the adult never contains bacteria in its 
alimentary tract. Sterilisation apparently occurs during pupation. 
Bacteria which accidentally invade the alimentary tract of the 
sandfly and multiply usually cause the death of the insect in a few 
days. P. papatasii and P. sergenti are, therefore, favourable hosts 
for L. tropica. 
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SUMMARY AND CONCLUSIONS 


Two hundred and fifty-three sandflies, P. papatasui, heavily 
infected with L. tropica from cultures fed on twelve human beings 
and a puppy. 

There were more than five hundred bites, but the puppy and 
eleven volunteers remained negative during an observation period 
of one to fourteen months. 

One case developed L. tropica on one of the areas on which infected 
P. papatasii fed, but natural infection is not excluded as he lived in a 
quarter where oriental sore occurred. 

It has been shown by membrane experiments that L. tropica may 
leave an infected P. papatasii via the proboscis. 

L. tropica ex-flagellates in P. sergenti and undergoes a cycle of 
development similar to that in P. papatasi and, after six days at 
27° C., forms appear which are infective for man. 
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EXPLANATION OF PLATE I 


Sagittal section through the clypeus and mouth-parts of 
Phlebotomus papatasit, showing mass of flagellates of L. tropica 
between epipharynx and mandible (in the food canal). 


Strain /’, Infection fourteen days’ old. Magnification 315 x. 


B.C. = Buccal cavity. 
= Epipharynx. 
M. = Mandible. 

H. — Hypopharynx. 
L. = Labuan. 


I’, — Flagellates of L. tropica. 
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ADDITIONAL EVIDENCE ON THE 
OCCURRENCE OF L. TROPICA IN 
WILD PHLEBOTOMUS PAPATASII 


BY 


S. ADLER, M.B., Ch.B. 


AND 


O. THEODOR, Ph.D. 
(Microhtological Institute, Hebrew University, Jerusalem) 
(Received for publication 17 January, 1920) 


The authors (1925 and 1926) recorded three experiments in 
which Herpetomonas from naturally infected sandflies, Phlebotomus 
papatasii, caught in Jericho, were inoculated into man and produced 
oriental sores in two cases and a subcutaneous nodule containing 
L.D. bodies in one case. The diagnosis of P. papatasit was 
made because no males of other species which bite man were found 
in Jericho and at the time the work was done no characters of specific 
value for females of the genus Phlebotomus were known. 

Subsequently (1926) the authors described the diagnostic value 
of the pharynx in P. papatasi. 

Sinton (1927) criticised the diagnosis of P. papatasit made by the 
authors, and pointed out that a diagnosis based on negative and 
not on positive evidence was not conclusive. 

Knowles (1928) stated that, working in Calcutta, Smith failed 
to infect laboratory bred P. papatasii by feeding them on oriental 
sores rich in L.D. bodies. Knowles implied that the positive results 
recorded by other authors were probably obtained with P. sergenti 
wrongly diagnosed as P. papatasi. 

This criticism is not applicable to’ the experiments recorded 
by the authors (1927), in which L. ¢vopica was transmitted to man 
from artificially infected sandflies, for in these experiments laboratory 
bred sandflies were used and the pharynx was regularly examined. 
(The diagnostic value of the pharynx was discovered towards the 


end of 1925.) 
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ADDITIONAL EVIDENCE ON THE 
OCCURRENCE OF ZL. TROPICA IN 
WILD PHLEBOTOMUS PAPATASII 


BY 


S. ADLER, M.B., Ch.B. 


AND 


O. THEODOR, Ph.D. 
(Microbiological Institute, Hebrew University, Jerusalem) 
(Received for publication 17 January, 1929) 


The authors (1925 and 1926) recorded three experiments in 
which Herpetomonas from naturally infected sandflies, Phlebotomus 
papatasi, caught in Jericho, were inoculated into man and produced 
oriental sores in two cases and a subcutaneous nodule containing 
L.D. bodies in one case. The diagnosis of P. papatasit was 
made because no males of other species which bite man were found 
in Jericho and at the time the work was done no characters of specific 
value for females of the genus Phlebotomus were known. 

Subsequently (1926) the authors described the diagnostic value 
of the pharynx in P. papatasit. 

Sinton (1927) criticised the diagnosis of P. papatasit made by the 
authors, and pointed out that a diagnosis based on negative and 
not on positive evidence was not conclusive. 

Knowles (1928) stated that, working in Calcutta, Smith failed 
to infect laboratory bred P. papatasit by feeding them on oriental 
sores rich in L.D. bodies. Knowles implied that the positive results 
recorded by other authors were probably obtained with P. sergenti 
wrongly diagnosed as P. papatasit. 

This criticism is not applicable to’ the experiments recorded 
by the authors (1927), in which L. tvopica was transmitted to man 
from artificially infected sandflies, for in these experiments laboratory 
bred sandflies were used and the pharynx was regularly examined. 
(The diagnostic value of the pharynx was discovered towards the 
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Strains of L. tropica vary greatly in their infectivity for 
P. papatasii. While some strains produce a high infection rate 
even when a small number of parasites are ingested, others produce a 
slight infection rate even when very large numbers of parasites are 
ingested. Smith’s experiments prove that some strains of L. tropica 
are completely non-infective for P. papatasit. 

Although Larousse (1924) has recorded P. sergenti from Palestine, 
we have never come across a single specimen of this species during 
four and a half years’ collecting. In 1926, 1927 and 1928 we bred 
about 4,000 sandflies from females caught in Jericho, over 8,000 
from females caught in Jerusalem, and almost 1,000 from females 
caught in Rosh Pinah (near Lake Tiberias), and we have never once 
seen a single specimen of P. sergenti 1n this material. Nevertheless, 
Sinton’s criticism is legitimate as far as the experiments with 
Herpetomonas from wild sandflies caught in Jericho are concerned, 
for there is a possibility, however slight, that P. sergent:, when 
present in small numbers, may be overlooked. This possibility is 
indeed very slight, for the male of P. sergenti is so characteristic that 
it can be diagnosed readily with the naked eye even when it is sitting 
on a wall. The female, however, can only be identified by the 
character of the pharynx and spermathecae. 

In the case of the wild sandflies used for inoculation experiments, 
a part of the material was fixed on slides, stained and mounted. The 
slides were recently re-examined and the head of only one sandfly 
was found. This sandfly was caught in Jericho, 8.9.25, and was 
dissected 9.9.25. lagellates were found in the oesophagus, 
oesophageal diverticulum, mid-gut and hind-gut. Part of the 
flagellates was inoculated into a human being and produced a sub- 
cutaneous nodule containing numerous L.D. bodies. Cultures were 
obtained from the lesion and the strain has been maintained 
continuously on Locke-Serum-Agar. Although the lesion was 
atypical, there is no doubt that it was caused by L. tropica for direct 
inoculation from this lesion into a human being produced a typical 
oriental sore. 

Examination of the mounted head showed a pharynx typical of 
P. papatasu. The occurrence of Leishmania tropica infective for 
man in wild P. papatasi is, therefore, proved conclusively. 
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TERNIDENS DEMINUTUS (Raut & Henry) 

AS A PARASITE OF MAN IN SOUTHERN 

RHODESIA ; TOGETHER WITH OBSERVATIONS 

AND EXPERIMENTAL INFECTION STUDIES 

ON AN UNIDENTIFIED NEMATODE PARASITE 
OF MAN FROM THIS REGION 


BY 


J. H. SANDGROUND, Sc.D. 


(Department of Tropical Medicine, Harvard Medical School, Boston) 
(Received for publication 24 January, 1929) 


PLATE II 


In October, 1927, Dr. X., an American Medical Missionary, was 
referred to the writer for an opinion on the intensity of a ‘ hookworm ’ 
infection which the patient harboured and which, it was considered, 
might have been responsible for his ‘ run down ’ condition.* 

The patient had spent more than twenty-five years in medical 
missionary work in Portuguese East Africa (Mozambique) and in 
the eastern portion.of Southern Rhodesia. Within the past few years 
he had commenced the examination of the stools of many of his 
patients for parasites and had been able to show that ‘ hookworm ’ 
infection, previously unrecognised in this locality, was widespread 
(ca. 82 per cent.). The attention of the Government public health 
laboratory was drawn to this high incidence of infection, and some 
worms secured by Dr. X. after anthelminthic treatment of a native 
with carbon tetrachloride were submitted to the laboratory. The 
situation has been reported upon briefly by the medical director 
under the paragraph heading ‘ Hookworm’ in the ‘ Report of the 
Public Health for the Year 1925, Southern Rhodesia ’ (p. 19). 

In September, 1926, our patient had made an examination of 
his own stools, and had found a few nematode eggs which he con- 


* The writer is indebted to Dr. George C. Shattuck, for the opportunity of examining the 
patient, and also to the patient for his hearty co-operation in prosecuting these studies. 
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sidered similar to those found in the faeces of patients at the mission 
station. These eggs he believed to be those of Necator americanus. 

In our laboratory, fresh stools were examined by the Willis-Molloy 
salt flotation method which furnished a small number (3 to Io per 
preparation) of Strongyle eggs. The eggs (see Plate II, fig. A and 
photomicrograph, Text-fig. 1) are thin-shelled, and somewhat 
asymmetrical, being slightly less convex on one side than on the 
other. One pole is usually seen to be more pointed than the other. 
Immediately after passage from the body, the eggs are in an 
advanced state of segmentation, 16 or more cells having already 
been formed. The eggs range in size from 724 to 103 by 374 to 45. 
The mean measurement of 30 eggs taken over a period of months 
was 84:54 by 41-34. 


Fic. 1. Photomicrograph of egg found in fresh faeces. x 450. 


In consideration of the fact that the eggs of the parasite under 
investigation were (1) considerably larger than those of either 
Ancylostoma duodenale or Necator americanus, (2) that they were 
markedly different in shape, and (3) that they: were deposited in 
a more advanced stage of cleavage, the writer was convinced that 
the infection was distinct from the usual hookworm infections 
of man. 

Our first opinion was that the infection might be with a species 
of Trichostrongylus, such as 7. instalilis, T. vitrinus, etc., which 
have on several occasions been encountered in man in Africa. The 
possibility of an Oesophagostome infection was also to be considere 1. 
To establish the identity of the parasite and to procure information 
of its hfe-history, a systematic study of the infection was under- 
taken. Infection experiments were planned, since our patient, 
who was on furlough in the United States, expected to be ordered 
abroad in a short time. In the meanwhile a letter had been written 
to the mission station in Rhodesia requesting that samples of 
preserved stools of infected natives be forwarded, together with 
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the few worms that had previously been retrieved from a patient 
there after treatment. The following notes summarise our observa- 
tions on the biology and life-history of the parasite. 

Development of the egg :—Entire stools were cultured in the 
ordinary way after mixing thoroughly with a generous quantity of 
animal charcoal. At room temperature the development of the 
larva within the egg is completed in about thirty hours. On 
emerging from the egg, the larva is of the typical rhabditiform 
type (Plate HI, fig. Bb). It measures about 320m in length and is 
18 broad near the middle of the body. The buccal cavity is 
cylindrical and about 12:5 long, this being approximately equal to 
the breadth of the body at the level of the base of the buccal cavity. 
The oesophagus is 0-14 mm. long. The distance between the 
anus and tip of the tail is 43", and the tail tapers in a uniform 
manner to an acute point. There appear to be no outstanding 
morphological differences between this larva and the corresponding 
larvae of the common human hookworm. 

After a short period of feeding in the open, which is accompanied 
by a certain amount of growth, the larva undergoes an ecdysis. 
The early stage larva is indistinguishable from the first stage. 
Growth proceeds and the passage from the second to the third, or 
infective, stage is marked by a metamorphosis which chiefly affects 
the structure of the buccal region and oesophagus of the larva, 
transforming the latter from the rhabditiform type to the simple 
claviform or filariform type. The infective or filariform larvae 
develop in cultures incubated at 30°C. in from 72 to g6 hours. They 
range in size from 700u to 780u in length by 20m to 21 in greatest 
breadth. The morphology of this larva is illustrated in Plate II, 
figs. DI and D2. It may be distinguished from the infective larva 
of the hookworms in that it is at least from one-sixth to one-third 
longer and its oesophagus is relatively smaller, being in this case 
little more than one-tenth the total body length. Morphologically, 
very distinct differences can be observed in the finer structure of 
the anterior end, and in the structure of the slight swelling at the 
posterior extremity of the oesophagus. A very characteristic 
peculiarity, which readily serves to distinguish this larva from the 
corresponding larvae of the hookworms and related human parasites, 
is the shape of the caudal extremity. In the hookworms the caudal 
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region tapers gradually and uniformly to an acute point. In the 
present form, the tail region tapers gradually, but terminates 
abruptly in a truncated stump (Plate II, fig. D2). 

Biology of the Infective larva :—The third stage larva, like the 
corresponding hookworm larva, remains ensheathed in the cuticle 
of the second stage larva. But, unlike the hookworm larva, this 
sheath is retained, apparently, throughout the period of free life 
and it furnishes the larva with a high degree of resistance against 
desiccation. When water containing larvae has almost completely 
evaporated (as in a watch-glass that is exposed) the larvae commence 
to migrate up the side of the vessel in an endeavour to escape to 
a moister ambient. On finding themselves in an environment free 
from moisture, the larvae curl up in a characteristic watch-spring 
coil. They may frequently be found in masses on the sides of 
a watch-glass from which the water has evaporated. In an atmo- 
sphere which is relatively humid, such coiled larvae remain alive 
for a considerable length of time. Thus an old faecal culture 
exposed to desiccation for more than seven weeks so as to become 
quite dry yielded many larvae when placed in the Baermann isolating 
funnel. Larvae which had been permitted to become completely 
desiccated and to remain exposed on a slide for three days were, 
when re-examined, seen to be in a much shrivelled condition with 
the internal organs vacuolated. The larvae straightened out on the 
addition of water, and in about an hour were moving in a perfectly 
normal manner. This may be contrasted with the great sensitiveness 
that the larvae of the hookworms exhibit to desiccation even for 
a matter of a few minutes. The movement of the larva is con- 
siderably more sluggish than the active swimming of the infective 
larvae of the hookworms. They are practically unstimulated by the 
application of moderate warmth and consequently their isolation 
from cultures by the Baermann method is unsatisfactory. This 
method of isolation was, however, used since it was more practical 
with the lightly infected cultures that we were using than the 
alternative method of trapping larvae that migrate from cultures 
into surrounding water. Cultures placed in the isolating funnel 
were still yielding larvae after two days. 

The sluggish movement of the larva, together with its lack of 
marked thermotropism suggests clearly that infection of the host 
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is by way of the mouth rather than by the penetration of the skin, 
as normally occurs with the hookworms. Unfortunately, larvae 
were secured in such small numbers that experiments to test their 
ability to penetrate the skin were not warranted. An attempt at 
the experimental infection of a rabbit was without result. Attempts 
were made at the experimental infection of dogs and of a monkey, 
but mature parasites were not found at our subsequent examination 
of the alimentary tract of these animals. 


A HUMAN INFECTION EXPERIMENT 


Since the departure of the patient representing the source of our 
material was imminent, and in order to avoid the loss of further 
opportunity to study this unusual parasite, the voluntary infection 
(to a light degree) of a human subject was decided upon prior to 
attempting to dislodge the parasites in the original infection by 
anthelminthic treatment for identification. On January 7, 1928, 
twenty-seven young filariform larvae were placed in a hard gelatine 
capsule and swallowed. Frequent examination of the stools by 
concentration methods had been negative, when, on January 30th, 
an additional fifty active larvae were swallowed in water. Six 
examinations were made later, but eggs were found in the stools for 
the first time on March 21st. These eggs were identical with those 
from the original infection. The infection has persisted now for a 
period of about nine months, without any apparent decrease. 
The number of ova in the stools is very small, indicating that the 
infection is a very light one. No untoward signs or symptoms are 
evident. 

At this point in our investigations, in response to our request, 
we received a small sample of formalin preserved faeces of an infected 
native from Southern Rhodesia, together with eight worms which 
had been saved from stools washed after treatment. On examining 
the faeces, several eggs were found similar in size and shape to 
those which we had been studying. All of the eight worms (of 
which two were males) on examination proved to be Ternidens 
deminutus (Railliet and Henry, 1905). In consideration of this we 
felt justified in expressing some doubt as to the general ‘ hookworm ’ 
infection in this region being due to either Azcylostoma or Necator. 
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ATTEMPTS TO SECURE THE PARASITE FOR IDENTIFICATION 
BY TREATMENT 


Seeing that some degree of success had been secured in Rhodesia 
in expelling the parasite with carbon tetrachloride, we decided to use 
the same drug in the present case. Since this drug, as a rule, has 
a very low toxicity, 4 c.c. instead of the usual 3 c.c. was administered 
on an empty stomach after preliminary purgation with magnesium 
sulphate. The drug was well-tolerated. Stools, immediately after 
passage on the first day, were very carefully washed through a fine 
screen without any worms being recovered. They were likewise 
washed on the three days following with the same disappointing 
result. A week later and on several subsequent occasions eggs 
were found in the stools in apparently undiminished numbers. 
The patient then left the country. 

Some time later, an attempt to retrieve the parasites from our 
experimentally infected case was made. After preliminary purging, 
5 c.c. of tetrachlorethylene were taken in a hard gelatine capsule. 
The stools were washed for three days through a fine sieve, but no 
worms were recovered. The eggs still appear regularly in the faeces. 

On the basis of evidence already available, it appears probable 
that Ternidens deminutus, like species of Oesophagostomum, 
Triodontophorus, etc., is a form which, at least in its early life, 
inhabits cysts in the mucosa and wall of the large intestine (caecum 
and colon). If this is later substantiated, since it is not unusual 
to find that anthelminthics are effective only against parasites 
which live exposed in the lumen of the small intestine, the negative 
results following the treatment in our cases may be accounted for. 


THE PROBABLE IDENTITY OF THE PARASITE 


The failure of our anthelminthic to dislodge the parasites in the 
infection has prevented the possibility of making a_ specific 
determination. Until an opportunity is obtained to follow an 
infection to necropsy and in this way to secure the adults, or to 
obtain a richer source of material for infection experiments in 
apes, we can do no more than suggest the probable identity of the 
parasites. 

Although the eggs are definitely those of a Strongyle nematode, 
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there is ample evidence to prove that it is neither Ancylostoma or 
Necator. The size of the eggs is such that Trichostrongylids cannot 
be eliminated from consideration, but there appears to be no further 
evidence to incriminate a species of this group of parasites. The 
possibility of the infection being due to a_ species. of 
Oesophagostomum, such as have on occasion been found to parasitise 
man, may be ruled out, since the eggs of these species are slightly 
smaller and are not asymmetric in shape. Further, the tail in the 
rhabditiform larva and in the infective larvae of Oe. apiostomum 
(= Oe. brumpti in the opinion of Leiper) is figured and described by 
Walker (1913) as being very elongate and filiform. This 
characteristically attenuated tail is also observed in the larva of 
Oe. dentatum of the pig, according to Goodey (1924) and 
Oe. columbianum of sheep, according to Veglia (1924). This is in 
contrast with the larvae secured from the present infection. 

The material of Ternidens deminutus received from Rhodesia is, 
unfortunately, such that even when a female specimen was teased 
apart, eggs were not obtained, so that the direct comparison of the 
eggs cannot be made. However, Leiper (1908) gave the measure- 
ments, 60u-to 80u by 40u, as the size of the eggs in the uterus of 
preserved female Ternidens deminutus. The larger range in Leiper’s 
measurements agrees very well with the mean size of the eggs in the 
infection we have studied. The shape of the eggs, although not well 
depicted by Leiper, also seems to be in agreement. Evidence to 
supplement the idea that the infection which we have been 
investigating is Ternidens deminutus is to be found when we review 
the previous records of infection with this parasite and its geographic 
distribution in man. 

Railliet and Henry (1905), while examining the collection of 
parasitic nematodes in the Museum of Natural History in Paris, 
found a vial containing parasites collected in 1865 at autopsy of a 
native of Mayotte, in the Comoro Islands, off the coast of Portuguese 
East Africa. The patient had succumbed to an anaemia, and in the 
intestine, the walls of which were considerably thickened and 
presented numerous petechial hemorrhages of the mucosa, nematodes 
were found. The medical officer who had performed the autopsy 
identified these as Ancylostoma duodenale and considered them the 
cause of the clinical condition. In this vial, Railliet and Henry 
found two nematodes, a male and female, which were new to science 
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and for which the name Triodontophorus deminutus was proposed. 
Later the same authors, on revising the classification of the 
Strongylidae, withdrew the parasite from the genus 7viodontophorus 
and erected the new genus Ternidens for its reception, placing the 
genus in the sub-family Oesophagostominae. Up to the present 
this genus is represented by a single species. 

The second record of 7. deminutus is by Leiper (1908), to whom 
Turner, a medical officer on the mines of the Witwatersrand (Transvaal) 
sent some hookworms recovered at autopsy from the intestines of 
two natives of Nyassaland. Turner noticed that among the worms 
there were a few females, slightly larger than the others, occupying 
what he thought to be an abnormal habitat, the large intestine, the 
mucosa of which showed congested patches. These worms were 
identified by Leiper as Ternidens deminutus. Leiper also found a 
single specimen, probably of the same species, in a gorilla from the 
London Zoological Garden. Brumpt has found specimens in Macacus 
sinicus, and the species has also been reported from Macacus 
cynomolgus in Saigon. 

Smith, Fox and White (1908), in America, reported the finding of 
Globocephalus macaci (= probably 7. deminutus) together with a 
species of Oesophagostomum in the intestine of Macacus nemestrimus. 
One of the two species of parasites occupied submucous cysts, but 
the authors were unable to state which of the two species was 
encysted. 

Summarising the limited information at present available, it 
appears that Ternidens deminutus is primarily a parasite of Primates 
(Catarrhinae) which probably serve as the reservoir hosts for man. 
All human infections thus far recorded have been found in negroes 
from Central East Africa. On the basis of the parasites received 
by us from Southern Rhodesia, an additional case may be added to 
the lists. It seems probable from the evidence available that in this 
locality, the infection is not an uncommon one. There has been a 
history of confusion of this parasite with Ancylostoma duodenale and 
Necator americanus. No case of infection has hitherto been diagnosed 
in the living host, nor has the parasite been specifically identified 
at the time of autopsy so as to permit a study of the habits of the 
parasites and of the pathological changes that they may induce. 
Further studies to provide information on these points are indicated. 
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EXPLANATION OF PLATE il 


(All figures were drawn with the aid of the camera lucida. Magnifica- 
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tions are indicated by accompanying scales.) 


Ova found in fresh stools, 

First stage (Rhabditiform) larva. 

Second stage (Rhabditiform) larva in process of transition. 
Anterior end of third stage (Filariform) larva. 


Posterior end of third stage (Filariform) larva ensheathed in 
cuticle of second stage larva. 
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NOTE ON THE OCCURRENCE OF 

CRITHIDIA IN PHLEBOTOMUS 

MINUTUS var. AFRICANUS IN 
NORTHERN NIGERIA 


BY 


A. W. TAYLOR 


OF THE TSETSE INVESTIGATION, NORTHERN NIGERIA 


(Received for publication 20 February, 1929) 


Tew instances have been recorded of crithidial infections in 
Phlebotomus species. Wenyon (1926) states that flagellates found 
by Mackie in P. minutus in Assam were crithidia, and suggests 
that the flagellate concerned may represent a trypanosome of a 
lizard on which these sandflies are known to feed. 

Wenyon (1926) also suggests that flagellates found in P. papatasziz, 
in Italy, by Laveran and Franchini (1920), and named by them 
Herpetomonas phlebotomus, may be crithidia. 

The observations recorded below were made on Phlebotomus 
minutus var. africanus, the only species common at Sherifuri. This 
sandfly is most numerous during the dry season months of April and 
May, when it attacks man. 

It was observed in the course of the wet season of 1928 that 
P. minutus var. africanus, although rarely seen elsewhere, was 
present in large numbers in a cage containing monitor lizards 
(V. exanthematicus and V. niloticus). The sandflies could be seen 
daily feeding on these lizards and also on a small python in an 
adjoining cage. Although these cages were on the verandah of the 
laboratory, sandflies were never seen in the building, and apparently 
were feeding entirely on reptiles. 

Examination of the blood content of the mid-gut in 155 of these 
sandflies containing recognisable blood, showed that over gg per cent. 
of the blood was reptilian. A reptilian haemogregarine was common 
in many of the guts examined. 

During August and September, 1928, 304 Phlebotomus (301 ¢ 9, 
3 33) were caught in the lizard cage and dissected. In 31 29, 
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flagellates were found in the mid-gut, giving an infection rate of 
10-2 percent. In all the infected sandflies examined, the infections 
were confined to the mid- and hind-gut. 

Stained smears of the infected guts proved the infections to 
consist entirely of T. grayi type crithidia, their morphology corres- 
ponding with the description of T. grayi crithidia given by Minchin 
(1908). 


Fic 1. Flagellates in gut of Phlebotomus minutus after feeding on Varanus. x 1200. 


Light infections consisted only of the short, broad type of crithidia, 
while heavier infections contained also long slender forms. In no 
case were trypanosomal or spherical forms seen. 

The heaviest infections were found in sandflies in which digestion 
was far advanced (two to three days after feeding). Sandflies 
containing fresh blood, and those in which digestion was complete, 
were negative. Between 1923 and 1928, the bloods of 106 Varanus 
of both species have been examined at Sherifuri, and 77, or 68-6 per 
cent. have been found to be infected with T. varant. Lloyd, Johnson, 
Young and Morrison (1924) showed that G. tachinoides fed on infected 
V. exanthematicus developed a flagellate infection of the mid-gut, 
which was indistinguishable from crithidia of 7. grayt. 

Six of the Varanus, which were in the cage from which sandflies 
were obtained for dissection, were subsequently killed, and in four 
of them the blood was found to contain trypanosomes. The python, 
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which was a possible alternative source of infection, was killed, and 
its blood proved on examination to be negative. 

The flagellates in P. minutus var. africanus described above were 
evidently crithidial forms of 7. varani undergoing incomplete develop- 
ment in the sandfly ; it is possible that their occurrence is accidental. 
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THE RELATIONSHIP BETWEEN ECONOMIC 
DEVELOPMENT AND RHODESIAN SLEEPING 
SICKNESS IN TANGANYIKA TERRITORY 


BY 
GEORGE MACLEAN, M.B., D.T.M. 


SLEEPING SICKNESS OFFICER, TANGANYIKA TERRITORY 
(Received for publication 25 February, 1929) 


WITH Map 


Before the War there was very little Rhodesian Sleeping Sickness 
known in what is now Tanganyika Territory, and what was known 
was confined to the Southern part of the country. Since the War 
three large outbreaks have come to light, one in Mwanza, South-east 
of Lake Victoria, one in Ufipa and Tabora, and one in Liwali. The 
last appears to have been a local epidemic superimposed on endemic 
conditions (Dye, 1927) while, in the case of the other two, years of 
enquiry have failed to elicit any information about previous endemic 
foci. 

It may not be possible at this stage to clear up definitely the 
atmosphere of conflicting theories that surrounds the genesis of 
these outbreaks, but it may be of some interest to endeavour to 
trace some of the changes that have taken place in tsetse distribution 
in comparatively recent years. (To appreciate the effects of the 
changes to be described it is necessary to bear in mind that the 
type of open country such as is met with in Central Mwanza, all the 
Districts of Tabora, and numerous other places would revert to 
tsetse forest if that forest were not kept at bay by human activity. 
Abandon cultivation at the forest edge and, unless possibly very 
intense grazing prevents it, the forest will rapidly spread over the 
abandoned ground, and generally, tsetse infestation will follow.) 

In an enquiry such as this one naturally turns first to records of 
early travellers, but these records, unfortunately, are lacking in 
the type of information required. For instance, Stanley, on his 
way to find Livingstone, passed through a large open forest which 
extends, with few breaks, for tens of thousands of square miles and 
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(now at least) largely infested by Glossina morsitans, between Tabora 


and Ujiji. 


Both these travellers returned through the same forest, 


and again Livingstone when he set out on his last journey passed, in a 
different direction, through the same forest ; but though we meet 
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interest in that, though he does not mention tsetse, he gives the 
population of several towns, among them the capitals of Usambiro 
and Ushirombo (Sorombo), with 2,000 and 5,000 people respectively. 
(Only a few people remain in these now and both are surrounded 
by young tsetse infested forest, while the second of them is now in the 
midst of Sleeping Sickness area.) 

What information is lacking in such records, however, is to a 
limited extent supplied by natives, and this information can 
frequently be confirmed by observing the state of the trees and land 
in different parts of the forest. 

Information of more than two generations back is generally very 
vague. It would appear that some tribes, like the Wakamba (in 
Mwanza and Kahama), reclaimed forest lands when they wished to 
extend ; while others, like the Masai (in Arusha), set out to conquer 
and seize territory already occupied ; but whatever the conditions 
may have been in the distant past, it is certain that about two 
generations ago, in places like Ufipa, Tabora, and Kahama, tribal 
wars compelled the people to live, for safety, in large communities 
of a hundred families or more—sometimes as many as a thousand. 

Round these settlements were the grazing and arable lands. The 
main occupation of the people in the intervals of peace were 
agriculture and stock-raising. Whether there were then, as now, 
professional fishermen who spent a large part of the dry season at 
rivers infested with G. morsitans and G. swynnertont, is not clear, 
but it seems unlikely that the unsettled state of the country would 
allow it to be as extensive as it is now. The bee industry which 
now flourishes appears to have existed then only for local and 
limited needs. Most communities had professional hunters. The 
older people who remember those days are emphatic that isolated 
family villages did not and could not exist then. Even when a 
raid took place and was successful it rarely if ever resulted in the 
building of small remote villages. 

The usual result was that the sacked settlement was wiped out, 
the survivors being taken as slaves or escaping to take refuge with 
some friendly neighbour. 

We thus find that in the days before European domination the 
forest peoples lived in clearings where houses, wells and a large 
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section of the arable land must have been almost or completely 
tsetse free all the year round. While there were hunters and, possibly 
also, honey-collectors and fishermen, the normal life must have 
been such as reduced the contact between man and fly—even 
assuming that tsetse was as numerous in the surrounding forests as 
it is now—to a minimum. 

From time to time during seasons of tranquillity a ‘ daughter ’ 
community was formed. An area of virgin or semi-virgin forest was 
chosen, the trees felled and a new settlement started. This was no 
individual effort but an organised affair under the leadership of 
some scion of the chief’s family. The new settlement was thus a 
large one from the beginning. 

With the coming of European administration this state of affairs 
underwent a gradual change. Punitive expeditions played their 
part in the early days in upsetting the old regime, but this was 
only temporary and its effects were comparable to the results of the 
old tribal wars. What was much more far-reaching and permanent 
in its effects was the establishment of peaceful administration. 
One of the earliest results was seen in the chiefdoms possessing 
large numbers of slaves (e.g., Urambo, Usumbwa, etc.). Such of 
these as had recently been taken from their homes and now liberated 
by the German Government, grasped their opportunity and returned 
to their own country. This was a serious matter for such chiefdoms 
as depended on their slaves to till the land. 

The next important result was the evolution of a new type of 
forest village. With the suppression of tribal wars the necessity 
for living in large villages for protection no longer existed. There 
was now an opportunity for benefiting by law and order without 
having to shoulder the responsibilities of citizenship and many natives 
took it. It was now possible for a man and his family to go into 
the forest and start a remote settlement on their own. The virgin 
soil yielded ample crops and they were comparatively free from the 
control both of their chief and of the new administration. 

The rise of this type of family village in the midst of tsetse has 
been one of the most important predisposing causes in the 
epidemiology of Rhodesian Sleeping Sickness. 

This disintegration of the large communities, which commenced 
more than a generation ago, is still going on. Its progress would 
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probably have been more rapid but for the fact that cattle labour. 
are less ready to take part in it than others. When they do so they 
usually leave their stock behind so long as it is healthy for them 
to remain. 

The next aspect of the situation was the demand for labour. 
The country had to be developed as well as administered and on the 
heels of the administrator came the trader and the planter. Houses 
had to be built and roads and railways had to be made. Labour was 
also required for the sisal and other plantations that were now 
growing up. | 

In certain areas only a fraction of the labourers recruited for 
these purposes returned to their old homes. They settled elsewhere, 
sometimes taking their own womenfolk with them. This drain 
on the population contributed still further towards the breaking up 
of the large forest communities. 

Finally the late War gave revolutionary force to the disintegrating 
changes that were taking place. The exigencies of the times made 
it necessary to commandeer porters, cattle, sheep, goats, etc., and 
many communities date their tsetse problem from the time that the 
army of one or other of the combatants passed through. Influenza 
followed with dire results. 

With peace came a certain amount of reconstruction, but two 
important factors remained. Families still continued to live in 
small bush villages, enjoying their hunting and general freedom from 
control, the number of villages increasing as old lands became over- 
cultivated or unpopular. 

People with a more modern bent left their forest homes 
permanently to settle in the more populous parts of the country 
and under more civilised conditions. . 

The demand for labour, at first small, rapidly increased. The 
forest native, living, as he often does, far from markets and means 
of transport, has found that labouring on an estate or on railways, 
docks, etc., is a convenient means of getting his tax, and supplying 
his general wants while, at the same time, he enjoys the advantages 
of travel. 

The labour of these people, who do actual work for only a portion 
of the time that they are absent from their homes, is thus largely 
lost to their chiefdoms ; local development is hampered, more land 
reverts to bush and a vicious circle is established. 
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The protection afforded by cleared and cultivated or grazed land 
is lost and at certain times of the year tsetse is found almost every- 
where, occasionally even inside the houses. This applies to both 
G. morsitans and G. swynnertont. When this stage is reached all that 
is necessary is the introduction of Trypanosome infection to break 
up what homes remain and complete the devastation. 

There are some infected places where the situation is not so 
acute, where for instance people, mainly fishermen, honey collectors, 
or hunters, whose homes may be in open country, contract infection 
while following their vocations ; but these are in the minority and 
cause concern only in so far as they are threatened by the increasing 
fly-infestation already described. 

This, briefly, is the situation as it affects the chief Sleeping 
Sickness districts, at least so far as Ufipa, Tabora, Kahama, and to a 
lesser extent, Mwanza are concerned. But there is another and a 
more hopeful aspect. Just as old forest settlements are dwindling, 
modern enterprise is reclaiming vast stretches of bush, for plantations, 
in other parts of the territory, particularly near the coast, and it is 
largely the people whose lands are being invaded by tsetse that have 
done the actual work of reclamation for the plantations. 

There are at present no accurate data available by which we 
can calculate our gains and losses, but it is not improbable that at 
least as much has been gained as lost. One important factor in 
the situation is the great leakage of man power that is taking place. 
The permanent homes of the labourers are frequently hundreds 
of miles from the scenes of work and many months are lost yearly in 
travelling and loitering. It is possible that in course of time most 
of the labourers, instead of maintaining their old homes, will take 
their families with them to live permanently on or in the vicinity 
of the plantations on which they work. A movement of this nature 
has already commenced on a small scale, but for various reasons— 
such as attachment to their own chiefdom, the freedom of forest 
life, etc.—the movement is not popular and is unlikely to furnish an 
early solution of the problem. This drift of native activity towards 
the plantations and the newer industries must continue for many 
years and while it continues there will be a corresponding change, 
and a change for the worse unless dealt with, in the tsetse and 
Sleeping Sickness situation. 

The picture which I have endeavoured to draw only depicts that 
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section of the population which, caught in the tide of modern enter- 
prise, had no local interests strong enough to root them to their old 
homes. 

There is another section, living for the most part in fly-free 
or almost fly-free country, who are fast developing their local farming 
resources. Unless this section specialises in stock raising to the 
neglect of agriculture and thereby allow tsetse to encroach on them, 
they stand to gain considerably and not to lose by modern progress. 

It is the evolution of this type of community and what it stands 
for in the way of native endeavour that must be aimed at in any 
campaign against Rhodesian Sleeping Sickness. Successful agri- 
culture is one of the most powerful weapons that can be at present 
employed against any tsetse of the Morsitans group. 

In taking stock of our prospects for the future the Sleeping 
Sickness areas of the territory may be regarded as divided into 
three ill-defined zones. In the first zone the people can be settled in 
large communities under conditions similar to those enjoyed by that 
section of the population just described, by selecting and clearing 
unoccupied land for them on the borders of the open country. In 
these new settlements large numbers of the young men may leave 
their homes and go out to work and see the world, but most of them 
will come back. What leakage may occur is likely to be made good 
by natural increase and by immigration from less favourable localities. 
The measures necessary to ensure successful agriculture in these 
communities need not be entered into here. 

In the other two zones, where, for various reasons, people must 
still have their homes in the forest, the dangerous family village 
already described can be eliminated by settling the people in large 
clearings. It has already been shown in Tanganyika Territory that 
this can be safely done even in the middle of an epidemic. 

In the second of these zones transport difficulties are compen- 
sated for by some local advantage such as rich soil, a good honey 
forest, etc. As in the first zone the people are likely to maintain 
numerical strength in spite of a certain leakage. 

In the third zone the people, situated far from the main markets 
and having no special local advantages, can only hold their own by 
accepting a lower standard of living. Generally speaking these 
settlements are likely to dwindle gradually as the people drift 
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towards the more favoured parts of the country and, probably, the 
best that can be done for them is to show them how to keep their 
homes as free from tsetse as possible and at the same time develop 
such resources as they possess. In a country whose possibilities 
both in mineral and farm products are still so imperfectly explored 
it would probably be a mistake to eliminate by wholesale evacuation 
even these outlandish settlements, at least, so long as they do not 
remain a serious reservoir of trypanosome infection. 


SUMMARY 


Before the days of European domination the people of Tanganyika 
Territory lived for the most part under conditions which made it 
difficult for Rhodesian Sleeping Sickness to get a firm footing. 

The freedom that followed the coming of the European resulted 
in the evolution of a type of bush family village which became a 
danger to health because of the close contact between man and 
tsetse that it made possible. 

Some of the old large settlements shrank to the dimensions of 
these villages from various causes, the chief of which were the 
disturbances produced by the Great War and the re-distribution of 
population that has resulted from the opening up of the country. 

The situation can be met by encouraging native agriculture 
where this can profitably be done. In places so remote that successful 
development is problematical the people can be collected in settle- 
ments large enough to be safe from extinction by Trypanosomiasis. 
The people in these settlements have a tendency to drift towards 
places where better conditions prevail. When this takes place on a 
large scale the dwindling settlements will have to amalgamate for 
self-protection, a process of gradual and orderly evacuation will have 
set in, and continue unless some local attractive source of wealth 
is discovered to turn the tide. 

Once the bush village is compulsorily eliminated it should be 
possible for reclamation and evacuation to go on in an orderly 
fashion, as the exigencies of the general situation demand. It 
should also be possible for native and non-native enterprise to go 
on with no more antagonism than a legitimate rivalry for labour and 
for markets. 
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NOTES ON THE ANATOMY OF STILESIA 

HEPATICA, AND ON THE GENERA OF 

THE SUB-FAMILY THYSANOSOMINAE 
(INCLUDING AVITELLININAE) 


BY 


T. SOUTHWELL 


(Received for publication 26 February, 1929) 


I. ON THE ANATOMY OF STILESIA HEPATICA 


Amongst the Cestodes in the collection of the Liverpool School of 
Tropical Medicine there are a large number of specimens from different 
sources referable to the sub-family Avitellininae ; apparently the 
collection contains all the known, together with a number of new, 
species. 

During the examination of this material the writer found one 
species which at first seemed to present remarkable characteristics 
in that there appeared to be four paruterine organs in each segment, 
viz., two on each side, except in the very gravid posterior ones, in 
which only two paruterine organs occurred, viz., one on each side. A 
careful examination of the worm left no doubt whatever that the 
species is Stilesia hepatica Wolfthiigel, 1903, and the opportunity is 
here taken of supplementing the excellent accounts of the anatomy 
of this species given by Stiles and Hassall (1893), and Gough (1911). 

The worms were obtained from (1) Liver of sheep, Durban, South 
Africa; (2) Cobus cob, gall bladder and bile ducts, East Shore, 
Lake Albert, Tonya, Mr. Thwaite; (3) Hepatic duct of goat, 
Rhodesia, Professor Yorke; and (4) Sheep, South Africa, A. W. 
Noel Pillers, Esq., F.R.C.V.S. 

They attain a length of about 50 cm. and a maximum breadth of 
about 3 mm. A large number of the anterior segments, i.e., those 
containing the male genital organs, are extremely shallow and 
resemble a pile of saucers. They have a length of about 20u and 
a breadth of about 2 mm. ; those posterior segments which contain 
the fully-developed paruterine organs have a length of about 320u 
and a breadth of 1-2 mm. The posterior margin of one segment 
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overlaps the succeeding segment, as shown in figs. 5, 6, and g, thus 
enabling one to determine, without any uncertainty, the important 
point as to which margin is anterior and which is posterior. The 
genital pores are irregularly alternate and are situated near the 
middle of the lateral margin of the segment. The pore leads into 
a rather long and narrow genital atrium, at the base of which the 
male and female genital ducts open. The cirrus sac is invariably 
anterior and ventral to the vulva on both sides of the strobilus (fig. 1). 

The longitudinal muscles, according to Gough, 

‘are in two layers, an inner consisting of bundles of about 12, the outer of. 3 or 4 
muscles, the transverse muscle is weak as is also the dorso-ventral muscle.’ 

Figure 2 is a camera lucida drawing of a transverse section of the 
male mature part of the worm. It will be seen that the longitudinal 
muscles are in one layer only. The bundles are all very very small, 
each consisting of from about two to twelve fibres ; no trace of a 
sub-cuticula layer of longitudinal fibres could be found in transverse 
sections from different parts of the strobilus. In our specimens the 
circular muscular layer is well developed. 

The male genital organs have been fully and accurately described 
by him, and need not be further considered. 

He remarks that, 


‘’There is but one ovarium, lying on the pore side, between the dorsal and ventral 
canals, nearer to the ventral than to the dorsal canal.’ 

He figures it as situated amongst the testes. An examination 
of a large quantity of material, including whole mounts, transverse, 
longitudinal and horizontal sections, leaves no doubt that Gough’s 
statement is correct. In transverse sections it is seen situated 
ventrally, between the ventral and dorsal excretory vessels (fig. 2). 
Directly dorsal to it is the lateral poral dilatation of the transverse 
uterus, whilst on the aporal side a similar dilatation develops. 
From the base of the genital atrium the vagina first dilates into a 
vulva which lies dorsal to the cirrus sac. Near the median extremity 
of the latter organ the vagina narrows and pursues a slightly sinuous 
course almost to the level of the dorsal excretory vessel, where it 
bifurcates, one branch going to the more ventrally situated ovary 
(which quickly atrophies), and the other branch to the lateral poral 
dilated termination of the uterus, which, as noted above, is situated 
immediately dorsal to the ovary (fig. 2). Although both Stiles 
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and Hassall, and Gough state that a receptaculum seminis is present, 
in our specimens the vagina nowhere dilates, i.e., a definite 
receptaculum seminis is absent. Gough points out that, 


‘ The uterus is double, one uterus lying close to the ovarium, the other on the other 
side of the proglottid in the corresponding position. The two uteri are connected 
by a duct, the inter-uterine duct, which, however, may be morphologically but 
the median portion of the uterus.’ 
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The uterus is, therefore, in reality single, roughly dumb-bell shaped, 
extending across the segment, with one lateral dilated extremity 
dorsal and close to the ovary, and the other lateral dilated extremity 
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on the opposite side of the segment, the two being for a short time 
connected by a narrow tube which runs across the segment. Stiles 


refers to eggs which 


‘travel across the segment and enter the uterus on the other side . . . . at first 
no ova are seen in either uterus, then they appear in the uterus on the pore side, 
and at the same time a broken line of ova can be seen extending across the segment 
toward the opposite uterus; the latter is next observed containing ova, while no 
ova can be distinguished in the median field. I am forced to admit that in no one 
segment has it been possible to find a continuous line of ova extending across the 
entire median field, but by combining several segments a diagrammatic line of ova 
may be constructed which extends from ovarium [s/c T.S.]touterus. Aninteresting 
point in connection with this wandering of the ova across the segment is that the 
young ova, especially those found in the median field, have no definite form, a fact 
which points to their being capable of amoebic motion.’ 


Gough, in his figures of S. hepatica and S. globipunctata, shows the 
duct, and in his account states that it exists, but he does not describe 
it. 

The duct was very clearly seen in our sections (figs. 3 and 4) but 
it should be noted that it is an extremely delicate and transient 


structure, having a diameter of about 16m, only found in a limited 
number of segments, about twenty, which are in a particular stage of 
development, viz.,in those in which the lateral uterine dilatations are 
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developed, and before the appearance of the paruterine organ. In 
segments at this stage the tube is well defined and full of eggs, 
which latter pass across in single file. The duct, however, quickly 
atrophies, as shown in fig. 4, and the lateral globular dilatations of the 
uterine tube, one on each side, do not, at any future stage in their 
development, communicate with each other. 

The paruterine organ begins to develop within the dilated lateral 
extremity of the uterus on each side, almost as soon as the 
uterine cavity appears. In the meantime there appears anteriorly, 
and somewhat median to it, an almost solid, globular organ, 
consisting of fibrous tissue arranged in_ concentric layers 
which I shall refer to as the paruterine pouch (figs. 5, 6 and 7). 
The two organs, on one side are in communication with each 
other by a narrow aperture, as shown in fig. 8. The concentric 
lamellar fibres from the paruterine pouch invade the cavity of the 
paruterine organ and eventually become arranged in the form of 
elongated columns; it is into these columns that the eggs pass. 
During this development the paruterine organ gradually becomes 
less and less conspicuous, whilst the paruterine pouch becomes 
increasingly prominent and large ; so that in whole mounts, and in 
sections, there are to be seen two globular organs on each side of each 
segment, situated between the dorsal and the ventral excretory 
vessels. When the paruterine pouch is fully developed the lateral 
dilatations of the uterus (i.e., the paruterine organs) have partly 
atrophied and are indistinct, the result being that in each segment 
there appears to be only one globular organ (paruterine pouch) on 
each side of the segment. In some segments, the lateral dilatation 
of the uterus (paruterine organ) on one side of the segment, partly 
atrophies before the lateral dilatation of the uterus (paruterine organ) 
on the other side of the segment. Consequently, in these segments, 
under low magnifications, three globular organs only are to be seen, 
two on one side and one on the other ; so that in segments situated 
a little distance from the posterior extremity, there are in each 
segment, two globular organs, on each side (one being the lateral 
dilatation of the uterus containing the paruterine organ, the other 
being the paruterine pouch) and they are approximately of the same 
size. In the most posterior gravid segments only one globular organ 
on each side of the segment is seen, viz., the paruterine pouch. 
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Segments between these two extremes show that the lateral dilatation 
of the uterus containing the paruterine organ gradually gets less and 


less and apparently finally disappears. 


p. p.u.0. 


dev. u. 
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Stiles and Hassall, Gough, and Baer figure in the fully gravid 
segments a very wide and prominent area full of granules, occupying 
almost all the middle of the segment, gradually tapering laterally on 
each side to a bluntly-pointed cap-like termination which rests on the 
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anterior part of the paruterine pouch. A structure similar to what 
these authors figure is often extremely conspicuous in the posterior 
part of the strobilus, but it is not present in all strobila, whilst in 
other strobila it is present in some gravid segments and absent in 
others. On account of its position and appearance, especially in 
whole mounts, it might easily be mistaken for a uterus full of eggs. 


v.d C.p. 


Pup idev. 


p.u.o. u. 
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Having regard to the fact that, as we have seen above, the narrow, 
median uterine tube which runs between the dilated uterine termina- 
tions on each side quickly atrophies, the writer was unable to under- 
stand the nature of the structure figured by the above authors, and 
indicated also in my fig. 9. Careful investigation, however, revealed 
the following facts :— 

1. The granulations only occur in partly or wholly gravid 
segments, and they are not quite, but almost exclusively limited 
in distribution to the medullary parenchyma. 

2. Even in the most gravid segments the granulations vary in 
size from about 3 to 254; they show no cellular structure and have 
a somewhat irregular outline. 

3. They are not contained in a sac but lie free in the parenchyma 
and are not in communication on either side with the uterus or 
paruterine organ. 

4. As noted above they are frequently entirely absent in some 
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gravid strobila ; in other strobila they are present in some segments 


and absent in others. 
Stiles states that, 


‘In many segments one sees at the posterior edge, especially in the lateral fields, 
a row of small (4 to 8) round or oval bodies which stain very dark in haematoxylin 
or carmine. These same bodies are occasionally met with in the median field, but 
their presence is extremely irregular. In general appearance they resemble, to a 
certain extent, the calcareous bodies found in J. crassicollis, T. solium, etc.’ 

The writer is of opinion that these granulations are probably 
calcareous corpuscles which develop extensively in the increasingly 
gravid segments. 

The eggs produced by each segment of this and, in fact, by all 
species of this genus, are few, usually about thirty, and are limited 


in position to the uterus and paruterine organ on each side. 


II. ON THE GENERA OF THE SUB-FAMILY THYSANOSOMINAE 
(INCLUDING AVITELLININAE) 


In 1874, Rivolta described two worms from sheep in Italy, viz., 
Laema globipunctata and T. centripunctata. 

Railliet, in 1893, erected the genus Sézlesia to accommodate the 
two species described by Rivolta, which clearly could not be retained 
in the genus Taenta. The type-species is S. globipunctata. He also 
described a new species, viz., S. vittata, from the camel. 
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In the same year Stiles revised the diagnosis of the genus as 
follows :— 


‘Head with four suckers, but no hooks ; strobila broader than long. ‘Two distinct 
sets of testicles present in each segment, one on each side, but no testicles in the 
median line. Eggs very small and with one shell. ... The following points, 
which may prove to be of generic value, have been established only for 
S. globipunctata ; genital canals pass dorsally to the nerve and ventral canal, but 
ventrally of dorsal canal. Egg-shell with two conical projections at opposite poles.’ 


In 1903, Wolffhtigel obtained another species (S. hepatica) from the 
bile ducts of sheep and goats in South and East Africa. The worm 
was described as double-pored. 

In 1907, Fuhrmann described a fifth species which, he stated, was 
also double-pored, viz., S. sjéstedtt, and at the same time he also 
placed the genera Séilesia and Thysanosoma in a new sub-family 
which he named Thysanosominae. 

Ransom (1909) had doubts as to whether the genus Séilesia 
should not be included, along with the other genera possessing 
paruterine organs, in the sub-family Paruterininae, even though 
species referred to the latter sub-family are, for the most part, 
parasitic in birds. 

Gough (1911) pointed out that all species which at that time were 
included in the genus Séz/esia possessed neither vitelline gland nor 
shell gland. He also drew attention to the fact that none of the 
species had double pores, and that S. centripunctata differed from the 
other species in having four distinct sets of testes and a single uterus 
in each segment, the other species possessing only two sets of testes 
and a double (? T.S.) uterus ineachsegment. He accordingly erected 
a new genus which he named Avitellina, to accommodate A. centri- 
punctata. The two genera Sfilesia and Avitellina were placed in a 
new sub-family which he named Avitellininae. His definition of the 
sub-family and of the two genera was as follows :— 


‘ Avitellininae: Scolex without hooks with four suckers, segments short, 
genital pores irregularly alternating. ‘Testicles in two or four groups, marginal, 
none in the middle field. A single ovarium, no vitelline gland, no shell gland ; 
uterus single or double, eggs finally enclosed in a paruterine organ. Eggs in ovary 
and uterus surrounded (and nourished) by nutritive cells. Oncosphere with two 
envelopes. 


Type-genus : dvitellina Gough, 1911. All known species inhabit ruminants ; 
development unknown. 
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Stilesia Railliet, 1893. Type-species: Stilesia globipunctata (Rivolta), Railliet, 
1893. 

s Head with four suckers, but without hooks. Strobilathin and narrow. Genital 
pores irregularly alternate. Segments broader than long. ‘Two distinct sets of 
testicles present in each segment, one on each side, but no testicles in the median 
line. Ovarium onthe pore side. Novitelline gland, noshellgland. Uterus double, 
finally void of eggs, which are contained in egg pouches (paruterine organ). The 
genital canals pass dorsally of the nerve and the ventral canal, and ventrally of the 
dorsal canal. Eggs with two envelopes. Habitat: Intestine of sheep, goat and 
dromedary, and bile ducts of sheep, goat, and South African wild antelopes (Africa, 
India, Italy and France)’ 


We have, however, noted above that the uterus in this genus is 
single. 


‘ Avitellina, nov. gen. Type species: Avitellina centripunctata (Rivolta). 
Head with four suckers, but without hooks. Strobila thin and narrow. Segments 
broader than long, flat in the proximal portion of the strobila, nearly cylindrical in 
the posterior portion. Genital pores irregularly alternate. Four distinct sets of 
testicles in each segment, one right and one left of each longitudinal canal, but no 
testicles in the middle field. Ovarium nearer the pore side ; no vitelline gland, no 
shell gland; a single uterus. Eggs finally enclosed in egg-pouches (paruterine 
organ). The genital canals pass dorsally of the nerve and longitudinal canals. Eggs 
with two envelopes. Habitat: Intestine of sheep, Africa, Italy.’ 


Blei (1921) erected the genus Hexastichorchis for a parasite from 
sheep, with the following characters :— 


‘Strobila small and relatively thick. Dorsal longitudinal excretory vessel 
lateral to ventral vessel. ‘Testes in six rows, four after the disappearance of the 
dorsal vessel, Paruterine organs single. Adults in sheep. 

Type-species : Hewxastichorchts pintneri Blei, 1921.’ 


There is reason to believe that the species is distinct, and referable 
to the genus A vitellina. 

Meggitt (1924) included in the sub-family Avitellininae Gough, 
roti, the three genera Stilesia, Avitellina and Hexastichorchis. 
Unfortunately in his key to the genera of Avitellininae, Meggitt 
states that the testes are in two rows, four rows and six rows on each 
side, in the above genera respectively. This is clearly an error ; 
the number of testes on each side is half the number given by 
Meggitt. 

Woodland (1927) re-defined the sub-family Avitellininae Gough, 


1911, and the genus A vitellina Gough, 1g1I, as follows :— 


* duitellininae Gough, 1911. Scolex unarmed, with four suckers. Segments 
very short and the immature segmented strobila exceeding the mature in breadth. 
Genital pores marginal and irregularly alternating. ‘Testes in two or four columns, 
marginal, none in the middle field. Ovary is small, compact and amesially placed 
on the poral side. No separate vitellaria or shell glands. The uterus is single or 
bi-partite, and develops in its interior a paruterine organ. 

Type-genus : Avitellina Gough, 1911. 
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Avitellina Gough, 1911. Strobila thin (save in the gravid region) and narrow. 
Four columns of testes and a single uterus, with paruterine organ, in each proglottid. 
Cirrus sacs always shorter than the vulvae in mature segments. Cirrus sacs on 
right side of strobila usually dorsal to vulvae, and on the left side usually ventral 
tothem. Genital canals pass dorsally to the lateral nerve and the dorsal and ventral 
excretory canals. Ventral excretory canals in the posterior half of the strobila always 
very large (the two covering at least one-eighth of the total proglottid breadth). 

Type-species : 4. centripunctata (Rivolta, 1874).’ 


In 1928, Woodland erected a new genus for a species found in 
Taurotragus oryx, which he placed in the sub-family Avitellininae, 
namely Anootypus, with the following characters :— 


‘ Strobila thin (save in the gravid region) and narrow. A single paruterine organ 
is present in each proglottid. Cirrus sacs equal in length to, or longer than, the 
vulvae, and constantly situated anterior and dorsal to them. Genital canals pass 
dorsally to the lateral nerve and the excretory canals. Dorsal excretory canals are 
absent, and the ventral canals become reduced in size in the gravid region of the 
strobila. A single layer of longitudinal muscles is present in the parenchyma. 

Type-species : 4. edifontaineous Woodland, 1928.’ 


A second new species, viz., 4. ricardi Woodland, 1928, was also 
referred to this genus. 
In the same paper Woodland suggested, in a foot-note, that the 


definition of the genera Sti/es1a and Avitellina might 


‘be amended by excluding the number of columns of testes as a generic character 
and by including the presence of both dorsal and ventral canals and a double layer of 
longitudinal muscles in the parenchyma as additional characters.’ 


It will be shown later that a double layer of longitudinal] muscles 
only occurs in certain species, and that the dorsal vessel is very 
variable. 

Baer (1927), following Fuhrmann, placed in the sub-family 
Thysanosominae Fuhrmann, 1907, all those genera which had 
previously been placed in the sub-family Avztellininae Gough, Igrt. 
He defined the sub-family Thysanosominae as follows :— 


‘Large worms. Genital pores double or single; in the latter case they are 
irregularly alternate. Genital canals dorsal to excretory vessels or between them. 
Testes very numerous or few, in a single field, or in two lateral groups. Female 
genitalia in poral half of segment. Vitelline gland may be absent in which case 
the ovary contains the nutritive cells. Uterus tubular, sometimes very long and 
undulating. Paruterine organs present ; may be very numerous or single. They 
cach contain several eggs. Adults in ruminants. 

Type-genus : Thysanosoma Diesing, 1835.’ 


The latter genus previously contained three species, viz., 
T. actinioides Diesing, 1835; T. giardi (Moniez, 1879), from sheep, 
cattle, etc., and 7. pygargi Cholodovsky, 1902, from Capreolus 


pygargus. 
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Baer, however, limited the characters of the genus Thysanosoma 
so that it contained one species only, viz., 7. actiniotdes. He 
erected two new genera, viz., (1) Ascotaenia, to accommodate 
T. pygargi, and (2) Helictometra, to accommodate T. giardt. He 
defined the above three genera as follows :— 


‘Thysanosoma Diesing, 1835. Worms of medium size; posterior edges of 
segments fimbriated. ‘Two sets of genitalia in each segment. Genital canals pass 
between excretory vessels and dorsal to the nerve. ‘Testes very numerous, occupying 
the whole posterior half of the segment between the two ovaries. No vitelline or 
shell gland. Uterus a single transverse tube which becomes undulated and expels 
its eggs into numerous paruterine organs, Adults in ruminants. 

Type-species : Thysanosoma actinioides Diesing, 1835.’ 


‘ Ascotaenia Baer, 1927. Worms of large size with indistinct segmentation. 
Genital pores irregularly alternate. Genital canals pass dorsal to excretory vessels. 
Testes situated on each side of the female sexual glands, limited laterally by the 
excretory vessels, Female genitalia situated in the poral half of the segment. 
Vitelline gland small. Uterus a transverse tube becoming sac-shaped. There 
are eight to twelve paruterine organs, each containing several eggs. Adults in 
mammals. 


Type-species : Ascotaenia pygargi (Cholodovsky, 1927).’ 


‘ Helictometra Baer, 1927. Worms of large size. Genital pores irregularly 
alternate. Genital canals pass between the excretory vessels and dorsal to the nerve. 
Testes disposed outside the excretory vessels forming two lateral fields. Female 
genitalia situated in poral half of segment. Vitelline gland and shell gland both 
rudimentary. Uterus an undulating tube almost filling the entire segment. 
Paruterine organs very numerous, each containing severaleggs. Adultsin ruminants. 


Type-species Helictometra giardt (Moniez, 1879). 

Baer further considers that the genus Hevxastichorchis is 
synonymous with the genus 4 vitellina and that the species H. pintneri 
Blei, 1921, is synonymous with A. centripunctata (Rivolta, 1874). 
It is to be noted, however, that in H. pininert, the relative positions 
of the dorsal and ventral excretory vessels to each other is quite 
different from that obtaining in any other genus in the sub-family. 

The sub-family Thysanosominae Fuhrmann, 1907, according to 
Baer, thus contains the following genera :— 


(1) Thysanosoma with one species. 

OP) en with two species. Woodland, in 1927, described 
= Hexastichorchis four other species. 

with four species. 

(4) Ascotaenia with one species. 

(5) Helictometra with one species. 

(G) with two species. 


It is decidedly unfortunate that authors have utilised different 
characters in defining the above genera. Thus Gough differentiated 
the two genera Stilesta and Avitellina by the fact that in the former 
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genus the testes are in two rows, the genital canals pass between the 
excretory vessels, and the uterus and the paruterine organs are 
double in each segment ; whilst in Avitellina the testes are in four 
rows, the genital canals are dorsal to the excretory vessels and nerve, 
and there is a single uterus and paruterine organ in each segment. 
Both Woodland and Baer differentiate their genera on characters 
other than the above. 

Baer’s two genera Helictometra and Ascotaenia differ from the 
other genera of the sub-family in having numerous paruterine organs 
and also in possessing rudimentary vitelline and shell glands. The 
two genera differ from each other in the following points :— 

In Ascotaenia the genital canals pass dorsal to the excretory 
vessels ; the testes are situated on each side of the ovary but internal 
to the excretory vessels, whilst in Helictometra the genital canals pass 
between the excretory vessels and dorsal to the nerve, and the testes 
are in two lateral rows outside the excretory vessels. 

The principal characters attributed to the genus Anootypus 
Woodland, 1928, are :— 

1. The cirrus sacs are anterior and dorsal to the vulvae. 
2. The genital canals are dorsal to the nerve and excretory 
vessels. 
3. There is a single layer of longitudinal muscles in the 
parenchyma. 
It will thus be seen that the three workers in this group, Gough, Baer 
and Woodland, base their classifications on different sets of organs 
and different combinations of characters. 
Certain anatomical details may now be considered. 
1. Relation of the cirrus sac to the vulva. Woodland regards 


‘the arrangement of the cirrus sacs relative to the vulvae as one of the most 
important, and so far as we know, constant characters distinguishing vttellina 
from Stilesia (at least equal in taxonomicimportance to the number of the paruterine 
organs,’ 


It will be seen, however, that this character is less constant than 
is supposed. 

The cirrus sacs in Anootypus are said to be anterior and dorsal to 
the vulvae ; they are definitely anterior and ventral in the case of 
S. hepatica.* Gough finds that in S. globtpunctata the cirrus sac is 
ventral to the vagina; he does not state whether it is situated 
anterior or posterior, but he figures the one directly ventral to the 


* And in S. vittata also. 
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other. Woodland says that the cirrus sacs are invariably ventral to 
the vulvae, in the genus Séilesia. 

In Avitellina, Gough states that the cirrus sac lies ventral or 
dorsal, anterior or posterior to the vagina. He gives figures which 
‘show the sagittal section through about nine sections, passing through four cirri 
and vaginae; it will be seen that the utmost irregularity has been realised.’ 

Woodland attaches little importance to this observation and 
remarks that, 

‘in all 4vitellina species the cirrus sacs on the left side of the strobilus lie ventral 
to the vulvae, and on the right side dorsal.’ 

In the same paper, he, however, qualifies this statement by 
saying that the above arrangement obtains in the majority of cases. 
He further asserts that in A. centripunctata the sacs are always 
anterior to the vulvae but only in mature proglottides. The position 
of the vulvae with reference to the cirrus sacs is not known in the 
genus Hexastichorchis. The relation of these genital ducts to each 
other in the genus Aviztellina clearly requires further investigation 
before a definite conclusion can be reached. 

2. Longitudinal Muscles. Gough states that in Sttlesia hepatica 
and S. vittata the longitudinal muscles are in two layers. He makes 
no reference to the musculature in S. globipunctata. From the 
account given above of the muscular system of S. hepatica, it will 
be noted that the longitudinal muscles in this species are in one 
layer, not two, and the same is the case in S. wittata. Woodland 
states that in A. centripunctata the longitudinal muscles are in two 
layers, viz.,a small sub-cuticula layer and a large layer in the cortical 
parenchyma. No mention is made of the musculature in his species, 
A. lahorea, A. sudanea and A. chalmersi, but in his figures of these 
species the longitudinal muscles are shown in two groups. In the 
two species of the genus A nootypus the longitudinal muscles are in a 
single layer, as in S. hepatica. 

3. Excretory Vessels. In Stilesta and Avitellina the large ventral 
vessel is lateral to the small dorsal vessel, but in Avitellina the 
dorsal vessel is often microscopic and in A. centripunctata, a worm 
measuring up to 285 cm. in length, the lumen of the dorsal vessel 
is almost obliterated at 40 cm. from the scolex. In Anootypus the 
dorsal vessel is entirely absent, a condition not very different from 
that obtaining in A. centripunctata. It is curious and important to 
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note that in Hexastichorchis Blei, 1921, the large ventral vessel lies 
internal to the small dorsal vessel. This fact is of some importance 
and it means that Hexastichorchis pintneri is, at least, a valid 
species. 

In Stilesia, the genital ducts pass between the excretory vessels 
but dorsal to the nerve, whilst in Avitellina they pass dorsal to both 
the longitudinal excretory vessels and nerve. In Anootypus the 
dorsal excretory vessel is absent and the genital ducts pass dorsal 
to the ventral excretory vessel and nerve. In certain new species, 
shortly to be described, the genital ducts appear to run ventral to the 
excretory vessels. 

4. Testes. In Stilesia the testes are in two rows. In Hexasti- 
chorchts they are said to be anteriorly in six rows, but the outer row 
consists merely of one or two irregular testes present only in some 
segments, and the testes are really in four rows. In Avitellina they 
are also in four rows, but in A. lahorea Woodland, 1927, and 
A. sudanea Woodland, 1927, the outer column of testes is only 
one testis deep and they are absent in some segments, whilst in 
other segments more than one testis may be found. In Anootypus 
they are said to be in either two or four rows. 

5. Uterus. This organ is single in Avttellina, Anootypus and 
Hexastichorchis ; Gough states that it is double in Stilesia, but as we 
have seen elsewhere, both he and Stiles note that the two uteri are 
connected by a duct, the inter-uterine duct which they are inclined to 
consider as the median portion of the uterus. I have shown above 
that it is single in each segment, and consists at first of a transverse 
tube having a dilated lateral termination on each side of the segment, 
and that later on the transverse tube atrophies, leaving the dilated 
lateral extremities isolated. 

6. Paruterine Organ. In Avitellina, Anootypus and Hexasti- 
chorchis this organ is single ; in Stilesia itis double. In anew species 
to be described shortly the organ is single and /aterval. Gough writes : 


‘It is a question I cannot attempt to decide, whether the paruterine organ of Stzlesta 
and Avitellina is homologous to the paruterine organ of other cestodes, as where it 
has been observed previously it has generally been held to arise outside the uterus. 
I am retaining the name as being convenient and as referring to a more or less 
well-known structure but without prejudice as to its origin in other species. The 
paruterine organs of various cestodes may quite possibly be of different origin, and 
may only be convergent structures, as Fuhrmann has shown that they can 
arise independently in various unrelated genera.’ 
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The following table summarises the principal characters of four 
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of the genera in question :— 


Stilesia. Avitellina. Hexastichorchis. 


Anootypus. 


i | 


Longitudinal | In a single layer. | In two layers, viz., one Ina single layer. A double layer 
muscles. | small sub - cuticula, | in neck 
the other large in | region only. 
| cortex. | 
Excretory Ventral vessel | Ventral vessel large and Ventral vesse!_ large | Dorsal vessel 
vessels. large and =~ external to micro- and internal to small absent. 


dorsal vessel, which 
latter atrophies near 
middle of worm. 


external to scopic dorsal vessel, 

small dorsal | which latter often 

vessel. atrophies in anterior 
one-seventh of 
strobilus. 


Cirrus sacs. 


| 
| 
| 
| 


| Ventraltovulvae | Ventral or dorsal, or Relation to vulvae not 


on both sides. | known, but figured 


ventral to vulvae. 


anterior or posterior 
to vulvae (Gough). 
Woodland states that 
the sacs are always | 
anterior to vulvae; | 
on right side dorsal, | 
on left side ventral. | 


Always anterior 
and dorsal to 
vulvae 
both sides. 


Testes. Two rows. | Four rows except in In four rows; but | One species 
| some species where | before dorsal vessel with four 
| the outer row is, atrophies occasion- rows, the 

absent in isolated ally a single testis other species 
segments. lies external to it, with two 
| giving false appear- rows. 
| ance of six rows. 
| | | 
| | | 
Genital Between ex- Dorsal to excretory Dorsal to 
canals. cretory vessels | vessels and nerve. excretory 
and dorsal to | vessels and 
nerve. nerve. 
| | 
Uterus. | Single. Single. | Single. Single. 
| 
| | 

Paruterine | Double. Single. | Single. Single. 

organs. | 


There appears to be no possibility of securing uniformity in 


deciding which characters are of specific and which are of generic 
value, but to the writer it seems desirable to keep separate the genus 
Stilesia mainly on the grounds that the paruterine organs are double, 
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whilst in Avitellina, Anootypus and Hexastichorchis they are single. 
It has been noted above that Woodland considers that the relation 
of the cirrus sacs to the vulvae is a point at least equal in taxonomic 
importance to the number of paruterine organs. This is not quite 
true and the desirability of utilising paruterine organs as a basis of 
classification will be evident when it is realised that these organs are 
easily seen under low magnifications, and sometimes even with the 
naked eye, whilst on the other hand the position of the cirrus sac 
with respect to the vagina, can only be determined after a large 
number of stained transverse sections have been examined; and 
even then, as pointed out above, the relation of these organs to 
each other appears to vary in at least some species. Further, 
in species in which external segmentation is indistinct or absent, 
it is often extremely difficult to determine in the absence of a head, 
which is anterior and which is posterior. I do not know which of the 
characters dealt with above are of greatest taxonomic value, either 
singly, or in combination ; doubtless, opinions on this subject will 
differ, but it is clear that paruterine organs provide a simple, easy and 
efficient means of diagnosing the genera Avitellina and Siéilesia. 

From what has been stated above it will be obvious that 
unfortunately four genera, viz., Avitellina, Hexastichorchis, Stilesia 
and Anootypus, have been erected to accommodate about twelve 
species of cestodes which are closely related and which differ from 
each other in minor details only—details which appear to the writer, 
for the most part, of specific value only. I therefore consider that 
the genera Anootvpus and Hexastichorchis aresynonyms of Avitellina, 
and suggest that the characters of the latter genus be modified to 
accommodate Woodland’s two species of Anootypus, viz., that the 
genus Avitellina be considered as embracing all those species with a 
single paruterine organ in each segment ; the testes being in two or 
four rows. 

I accordingly re-define the genera as follows :— 


Stilesia Railliet, 1893. 


Strobila thin and narrow ; .outer segmentation apparently always 
distinct. Longitudinal muscles always in a single layer in the cortex. 
A single set of genital organs in each segment. Testes in two rows. 
Cirrus sacs ventral and usually anterior to the vulvae on both sides. 
Genital ducts pass between the excretory vessels and dorsal to the 
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nerve. Uterus single, but paruterine organs double, in each segment. 
Parasitic in ruminants. 
Type-species :—S. globtpunctata (Rivolta, 1874). 


Avitellina Gough, Igtt. 
Synonyms :—Hexastichorchis Blei, 1921. 
Anootypus Woodland, 1928. 


Strobila thin and narrow ; outer segmentation either distinct or 
indistinct. Longitudinal muscles in a single layer in the cortex, a 
second smaller layer of sub-cuticula fibres may also be present. A 
single set of genital organs in each segment. Testes in two or four 
rows. Cirrus sacs dorsal or ventral and either anterior or posterior 
to the vulvae. Genital ducts dorsal to both excretory vessels when 
two are present. Uterus and paruterine organ single in each segment. 
Parasitic in ruminants. 

Type-species :—A. centripunctata (Rivolta, 1874). 


We have noted above that Baer has re-united the two sub-families 
Thysanosominae and Avitellininae into one sub-family for which he 
retains the name Thysanosominae and which he has accordingly 
re-defined. The following table summarises the characters ascribed 
by Baer to the two sub-families Anoplocephalinae and Thysanoso- 
minae, into which, together with the sub-family Linstowinae, he 
divides the family A noplocephalidae. 


Anoplocephalinae. T hysanosominae. 
Genital pores ‘is .... Double, unilateral, irregularly alter- Double or single, in latter case 
nate or absent. irregularly alternate. 
Genital ducts ist ... Dorsal to both excretory vessels, | Dorsal to both excretory vessels, 
except in one genus where they _or_ between them. 


pass between them. | 


| 
| 


Testes .. Numerous, sometimes only two; Numerous or few; in a single 
in a single field. field ; not in two lateral groups. 
Ovary ; In poral half of segment. | In soil all of segment. 
| 
Vitelline and shell glands 4 Present. | Present or absent. 
Uterus x ‘Tubular, sac-like, or reticular. | Tubular. any 
| 
Paruterine organ ... Absent. | Present. 


It will be noted that the only essential point of difference between 
these sub-families is the presence of a paruterine organ in the sub- 
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family Thysanosonunae. I agree with Baer in including in this 
sub-family the following genera, the characters of which may be 
summarised thus :— 


rand 2. Stilesia and Avitellina, the characters of which I have re-described 
above. 


3. Tysanosoma differentiated from all other genera of this sub-familv by the 
possession of a double set of genital organs in each segment ; in addition 
numerous paruterine organs are present, 


4. -dscotaenia differentiated from other genera in the sub-family by the fact 
that the testes are situated hetween the excretory vessels and do not 
extend lateral to them ; further, they lie on each side of the ovary, the 
latter organ being in the poral half of the segment. A vitelline gland 
is present but is very small. As in Thysanosoma, paruterine organs 
are numerous but it differs from this genus in having a single set of 
genital organs in each segment. 


Helictometra. In its general morphology this genus resembles Stilesia and 
Avitellina, ‘The genital organs are single in each segment and the 
pores irregularly alternate. The genital ducts pass between the 
excretory vessels and dorsaltothe nerve. Unlike Strlesia and Avitellina, 
however, the testes in this genus are situated lateral to the excretory 
vessels. It also differs from the latter genera in possessing rudimentary 
vitelline and shell glands and very numerous paruterine organs. 


wa 


The following key will serve to emphasise the outstanding points of 
difference between the genera included in the sub-family :— 


With a double set of genital organs in each segment .... Thysanosoma 
With a single set of genital organsineachsegment ... I 


1. With one paruterine organ in each segment ...... Avitellina 
With more than one paruterine organ in each 
2 
2. With two paruterine organs in each segment ...... Stilesia 
With numerous paruterine organs in each 
3. Testes within the excretory vessels dscotaenia 
Testes in two fields, one lateral to the excretory 
vessels on each side ........... sunenaepeienes Helictometra 


As indicated elsewhere, a further contribution will follow shortly, 
and will deal with species of certain of the above genera. 
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EXPLANATION OF LETTERING. 


c.c. == calcareous corpuscles. p.u.o0. = paruterine organ. 

c.f. = circular fibres. p.u.p. = paruterine pouch. 

¢.p. = cirrus pouch. = testes. 

d.e.v. = dorsal excretory vessel. u. = uterus. 

é.v. == excretory vessel. VU. == vagina. 

g.a. = genital atrium. v.d. == vas deferens. 

l.m. == longitudinal muscles. v.e.v. == ventral excretory vessel. 
0. = ovary. 


EXPLANATION OF FIGURES. 


Stilesia hepatica. 


Fic. 1. Outline of the transverse sections of two succeeding segments showing the relationship of 
the vulva and the cirrus pouch. X 53. 


Fic. 2. Transverse section of mature segment showing the musculature and male and female genitalia. 
X 53: 


Tic. 3. A.—Outline of transverse section of mature segment showing transient uterus. X 53. 
B.—Uterine tube more highly magnified. XX 400. 


Fic. 4. Outline of transverse section of mature segment showing atrophy of the transient uterine 


tube. 
Fic. 5. Gravid contracted segments showing uterus, paruterine organ, paruterine pouch and 
(?) calcareous corpuscles. X 46. 
Fic. 6. Gravid segments showing relationship of paruterine organ and paruterine pouch. X 46. 
Fic. 7. Poral side of segment showing paruterine organ and pouch. X 240. 
Fic. 8. Poral side of segment showing paruterine organ and pouch in communication. X 240. 
Fic. 9. Gravid segments showing (?) calcareous corpuscles. X 53. 
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THE DISTRIBUTION OF BLACKWATER 
FEVER IN AFRICA* 


BY 


J. W. W. STEPHENS 
(Received for publication 13 February, 1929) 


‘Two 


ABYSSINIA, 
Locality Cases Authority 
| 
| 
Diré-Daoua ... I (1911) _ Pichoy (1912), p. 617. 
ALGERIA. 
Locality Cases Authority 


General ... Parrot (1915) states that | Parrot (1915), p. 29. 
almost all the foci are 
situated in maritime or 
juxta-maritime regions, at 
the mouths of rivers or in 
the valleys they drain—(r) 
Sevbouse and Saf-saf in the 
East, Macta in the West; 
(2) the high plateaux ; foci 
at Ain-touta, Batna Tiaret ; 
(3) oases of the Sahara; 
(4) sporadic cases at Algiers, 
Alma (Mitidja), Guyotville. 


‘Nous pouvons évaluer a la | Parrot (1921). 
centaine la totalité des cas 
connus, pour la période qui 


va de 1899 4 la fin de 1920.’ 


‘La fievre bilieuse hémoglo- | loc. cit., p. 59. 
binurique tendait a prendre 
une place importante dans la 
pathologie des Européens 

| d’ Algérie.’ 
| § Parait extrémement rare en | Campagne (1913), p. 71. 
IgI2. 


* Stephens, J. W. W. (1927). The distribution of blackwater fever in Europe. Ann. Trop. 
Med. & Parasitol., 21, 467. 


——— (1928). The distribution of blackwater fever in South West Asia. Joc. ctt., 22, 53. 
(1928). The distribution of blackwater fever in India. Joc. cit., 22, 170. 
——— (1928). The distribution of blackwater fever in Burma and the Far East. oc. cit., 


22, 179. 
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pane 


ALGERIA—continued, 


Locality 
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Cases 


Authority 


Département 
d’Alger— 


} 
Alger 


Alma 
(Plain of La Mitidja) 


Bouira 


Guyotville 


Maison-Carrée 
(near Algiers) 


Département de 
Constantine — 


Ain-touta (Mac-makon) 


Barral Guebar 


Batna 


Duzerville 


. 
. . 
. . 


Localité 


‘Des cas 


(Native) 


I (1906) 


1 (1gto) 
1 (1914) 


réputée — depuis 
longtemps comme trés palu- 
déenne et ot l’on constate 
presque chaque année des 
cas de fiévre hématurique.’ 


1 (1go!) 


de fiévre bilieuse 
hémoglobinurique y sont 
constatés chaque année.’ 


(1917) 
(1918) 
t (1919) 
(1920) 
1 (1921) 
4 (1917-21) 


2 (1905) 


‘On y constate chaque été des 


accés de fiévre a forme 
pernicieuse et des cas trés 
graves parfois mortels, de 
fiévre bilieuse hémoglobinu- 
rique.’ 


cas d’accés pernicieux et 


de bilieuse hémoglobinurique 


sont fréquents dans ces 
quartiers ”’.’ 

4 (1918) 

5 (1913) 

1 (1912) 


I 
Campagne (1914), p. 2 


Sergent, Ed. and Et. (1907), p. 32. 


Parrot (1915), p. 29. 


Sergent, Ed. and Et. (1921), p. 330. 


Parrot (1915), p. 


Brault (1902), p. 5 


Anon (1923), p- 473- 


Parrot (1921), p. 60. 


Parrot (1923), p. 607. 


loc. cit. 


Sergent, Ed. and Et. (1911), p. 146. 


Anon. (1923), p- 432- 


Ballet (1923), p. 556. 


Sergent, Ed. and Et. ( 


Parrot (1915), p. 29. 


* ... Under the column ‘ Cases ’, signify that cases are recorded but that the number is not 


stated. 


This does not apply to the tables with eight columns. 


| | 
: | 
| | 
| 
| 
{ 
| 
| 
| 
| 
| 
| 
| 
{ 
| | 
5. 


ALGERIA—continued. 


Locality Cases Authority 


Départment de 
Constantine—(contd.)— 


El’-Arrouch ... 4 (1899-1908) | Parrot (1915), p. 29. 
2 (1909) | 
7 (1910) | 
Several (1911) 
(1912) 
Guébar | Sergent, Ed. Correspondence. 
Guelma | Parrot (1915), p. 28. 
Mondovi... 6 (1901-10) | Parrot (1915), p. 29. 
(Adjacent Localities) 1 (1905) | Sergent, Ed. and Et. (1911), p. 146. 
Several (1906) | idem (1914), p- 77: 
(1907) | 
(1908) 
(1909) | 
1 (1910) | 
3 (1911) | 
2 (1912) | Parrot (1915) p. 29. 
2 (1910) | Sergent, Ed. and Et. (1914), p. 77. 
Morris 1 (1908) | Parrot (1915), p. 29. 
1 (1920) | Sergent, Ed. and Et. (1921), p. 331. 
Ouled-Rabmoun ... was I (1903) | Sergent, Ed. and Et. (1904), p. 324. 
| 
Penthicvre ... 2 (1gto) | Sergent, Ed. and Et. (1911), p. 148. 
| 
Robertville ... Cas nombreux.’ | idem, p. 132. 
Robertville ... 6 deaths (1909) | Ciavaldini (1917). 
7 
3 9? (1911) 
(1913) 
(1914) 
(1915) 
36 (18 years) Ciavaldini (1927). 
4 (1908-11) | 
32 (1911-27) | 
Seybouse, Valley of ... ” 4( ) | Sergent, Ed. and Et. (1911), p. 96. 
| | 
Taber... 2 (1921) Anon (1923), p- 485. 
Touggourt ... asi on I (1920) | Sergent, Ed. and Et. (1926), p. 331. 
| 
Départment d’Oran— | 
Cheltff Valley Sergent, Ed. Correspondence. 


Macta Vallev 


2 


ALGERIA—continued. 


Locality 


7O 


Cases 


Authority 


Plain ofthe Mact a— 
ArzewtoAin-Tedeles 


Arzew 25 (1904-05) Coste (1906). 
Cassaigne Parrot (1915), p. 28 
Palikao Campagne (1914), p. 52. 
Sergent, Ed. and Et. (1915), p. 5. 
Sebdou 4 (1904) Claude (1905), p. 274. 
Tiaret Parrot (1915), p. 28. 
Tourville Sergent, Ed. Correspondence. 
ANGOLA. 
Locality Cases Authority 
| 
General 8 deaths | Da Silva (1898, 1899). 
| Plehn (1899), p. 240. 
| 
Benguella 3 (1905) | Pinheiro (1906), p. 276. 
1 (1910) | Barreto (1913), p- 107. 
| 
Loanda . ‘Malaria ina great number of | Pinheiro (1906). 
cases took on a grave form, | 
blackwater fever, and per- | 
nicious.’ 
Mossamedes .. 5 (1910) | Barreto (1913). 
Mogambique ... I (1910) 
S.S. Beira I (1912) 
BAsuTOLAND. 
Europeans Cases Deaths Natives Cases Deaths Year Authority 
1603 No | 495,937 No 1926 Basutoland (1927). 
(year 1921) records natives records 
1,241 
Coloured | 
BECHUANALAND. 
Locality Cases Authority 


1 (1927-28) 


_ Bechuanaland Protectorate, p. 12. 
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CAMEROONS. 
Europeans Cases_» Deaths Natives Cases Deaths Year Authority 
| | pp- 150, 159. 
826 30 | 5 1904-05 PP: 94, 112, 113. 
896) 31 9 I 1905-06 pp- 143, 155, 162. 
+. (Syrian) 
85 | 19 1 | 1906-07 pp. 101, 110, 121, 
127. 
Military 4 | 1g07-08 pp- 221, 229, 237. 
_ 31 4 | si I I 1g08-0g pp- 172, 177, 180, 
199, 245: 
38 6 | 1909-10 pp. 250, 255, 258, 
381. 
| 28 2 | Cons p- 467. 
| 
ces we Igtt-13 | Steudel (1924). p. 33. 
Cameroon | 
(French) 8 3 Letonturier (1924), 
p- 396. 
(Douala 
Hospital) ‘1a plupart de ces malades, colons 
anciens ou surmenés, avait contracté 
leur affection en dehors de Douala." 
Conco. 
Locality Cases Authority 


Mid-Congo State... .... ‘I have had considerable ex- Banks (1g00), p. 111. 
perience among patients 

suffering from this disease— | 

over a hundred—all of 

whom recovered.’ 


Congo 50 (or 40) Plehn (1899), p. 239. 
20 negroes from the Antilles, 
20 Europeans engaged on 
railway construction. 


Stanley Pool ... aes = 25 loc. cit. 
Basin of the Congo ... vel 18 | Védy (1907). 
Brazzaville ... =e ea 2 (1922) Blanchard and Lefrou (1922), 
699. 
4 Ringenbach (1915), p. 120. 
Leopoldville ... 16 (1899-00) Campenhout and Dryepondt 
(1901), p- 55: 
12 (1900-01)  Broden (1906), pp. 8, 58. 
2§ (1902-05) loc. cit., p. 8. 
20 Houssiau (1919). 


10 Van Hoof (1924) 


er 
ae wer! ~ 


DanHomey. 
Locality Cases Authority 
‘Sur les cing Européens qui | Gautier (1922). 
ont été atteints de cette 
maladie en 1921, un ne 
prenait jamais la moindre 
dose de quinine.’ 
‘Gouzien .. . pendant son 
séjour a Dahomey a traiteé 
ERITREA. 
Locality Cases Authority 
Gase ... have been informed that Professor Franchint (1929). 
few very rare cases have Correspondence. 
been found in Eritrea in the 
Setit ... si _ region of Gase and Setit.’ 
Frencu EquatoriaL Arrica., 
Locality | Cases Authority 
| 
Loang 7 (1887-1888) Gros (1890), p. 47. 


Gapon (Frencn Equarorrat Arnica), 


Locality | Cases 


General .... *Anderer Ansicht ist Calmette, 
 welcher in Gabun 1886-87 
sich sehr haufig mit dem 
Schwarzwasserfieber zu bes- 

| chaftigen hatte.’ 


Authority 


Mense (18g). 


Gs 
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GAMBIA, 
Europeans | Cases | Deaths | Natives | Cases | Deaths | Year | Authority 
= | 
151 32 | I | 10,000 | Gambia— 
| (African) | 25, 32. 
| | 100 | 
| | (Mixed) | 
230! 42 | 2 | 7,470 | pp. 18, 25. 
230! 3 | | 7470 | | | 1912 | 40. 
230! o | 74470 | fw | | 39- 
| | | 
| | | 
12 | | | 11916 p. 24. 
| | 
| | | 
| | | 
2 | | Igig |p. 13. 
| 
238 ve | | | pp. §, 17. 
| | | 
205 I 9,395 | |p. 28. 
| | 
210 | 6? | 9,567 | | 1923, 34. 
| | | | | | 
| | r {| | 1925 pp. 16, 17. 
| 
| 2 | | | 926 | pp. 22, 45. 
| | | | 
ei | 17 | 3 | ows | on 1927 Pp- 5, 22, 32, 46. 
(1) Apparently refers only to Bathurst (Gambia). 
(2) Apparently all European cases. 
GamBia—continued. 
Locality | Cases | Authority 
MacCarthy Island (Gambia) 1 (1910) Gambia, p. 
(About 126 miles up the | 
River Gambia) 1 (1914) Pp: 
1 (1917) p- 26. 


AB 
~ | aie gid 


Coast.! 


Europeans | Cases | Deaths | Natives | Cases | Deaths Year Authority 
| | 
436 2 | 2 1893 Gold Coast (1894)— 
pp- 25, 26. 
769 12? | 5 I I 1895 (1897), pp. 12, 14, 
| | 15, 24- 
798 Jose | | 1896 (1897), pp. 12, 21. 
eee | eee | 1897 
| ae | 1898 
4 | 2 1899 (1909), p. 16. 
5 1g0o loc. cit. 
| 8 ant loc. cit. 
1,830 9 4 1g02 loc. cit., pp. 7, 16. 
1,796 | 8 6 1903 loc. cit. 
1,911 | Ig 2 1905 loc. cit. 
1,765 | 22 | 3 1906 loc. cit. 
1877 | 27 | 4 1907 loc. cit. 
1,768 21 | 7 1908 (1909), P- 43. 
1715 | 17 | 3 1909 (1910), p. 6. 
1,692 20 5 (1911), pp. 9, 11, 39- 
2245 | 8 2 (1912), Pp- 75 95 39: 
2,367 6 (1913), 10, 13. 
2,590 2 5 1913 (1914), Pp. 11, 13, 
| 56, 62. 
2,645 5 (1915), 13, 15; 
75° 
2,006 =| | (1916), pp. 10, 11, 
| 31, 35: 
2,001 16 | 3 | 1916 (1917), pp. g, 10, 23. 
2,172 | 24 | 8 _ s 1917 pp- 8, 10, 30. 
1823 | 7 | 4 1918 21, 40. 
3,182 | 14 | 4 | 6 I 191g (1919), pp- 7, 8, Io. 
2,818 | 36 | 7 1920 (1921), pp. 8, 34. 
2939 9 | (1922), 9) 32. 
2,901 48 6 | 1922-23 (1923), pp. 8, 61. 
3,043 21 7 = 1923-24 | pp. 8, 46. 
3,104 16 | 2 | 1924-25 pp: 7, 38. 
3,104 5 2 1925-26 PPp- 7, 10, 34. 
3,481 4 3 1926-27 14, 105. 
(1) The Gold Coast includes Gold Coast Colony, Ashanti and Northern Territories. 


(2) Whether non-official European cases have been recorded is not evident. The 12 cases include 
3 deaths—haematuric fever (1), haemorrhagic fever (1), and haemoglobinuric fever (1). 
(3) 2 African. 
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FRENCH GUINEA. 


Locality 


| 
{aa 


Authority 


Conakry 


Boke ... 
Conakry... 
Dakar 


Conakry 


t (1895) 
‘De cette observation et des 
nombreux cas analogues.... 
a Conakry.’ 
9 
6 (1920) 
8 (1904) 


14 (1904-05) 


73 (Aug., 1g00-Mar., 1904) 


| 
| 
| 


| 
| 


Pelletier and Quemener (1921). 


Maclaud (1895). 


Le Moal (1905). 


Le Moal (1907), p. 258. 


loc. cit. 


Pinard and Boyé (1904), p. 493. 


Railway... ins ...| 12 (Aug., 1goo-Mar., 1904) 
Ballay Hospital... 16 (1899) | 
14 (1900) | 
8 (1901) | 
10 (1902) 
14 (1903) | 
| 62 | 
Railway... 2 (1910) | Savignac (1911), p. 474. 
Siguirt (Haut Niger) 6 Quennec (1895). 
1 | Quennec (1899). 
Ivory Coast. 
Locality Cases Authority 
Grand Bassam Crosse (1899), p. 120. 
2 (1895) Hébrard (1895). 
6 (1911-13) Sorel (1913). 
Haut Sassandra, Daloa and | 
Soubré ons ... ‘La fiévre bilieuse hémo- | Blanchard (1911). 
_ globinurique a été observée 
a Daloa et a Soubré, aussi 
bien au début du séjour 
qu’aprés plusicurs années 
de présence a la colonie 
mais toujours chez des 
impaludeés.’ 
Abidjan ; sa 4 Europeans Vivie (1907). 
Toumodt me 7 


: 
| es | 3 
— 
26 = he 
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Kenya (formerly Kast Africa Protectorate). K 
Europeans | Cases | Deaths | Natives Cases Deaths Year Authority 
| including 
Asiatics 
| 
3,656 | | East Africa 
| | Protectorate. 
4,913 | | | p- 52. 
6,713 5 2 | Io | 3 1913 | pp- 28, 31, 118, 121. 
7:297 3 | 9 | 191¢ PP: 745 77: 
15 4 4 I 1915 PP» 745 7: 
16 I I 1916 | pp: 64, 67. 
3 | 5 1907 PP: 745 77: 
2 | I | 16 5 1918 pp- 71, 75, 76. 
29 g | II 4 191g | pp- $2, 83. 
| | | 
| | | | - 
, | @ | 9 2 1920 | Kenya, pp. 92, 93- 
| | 
9,651 | | 16 | 4 1921 128, 129. 
18 3 | | an | 1922 | pp. 120, 121. 
8 2 | | 20 4 1923 pp. 84, 85, 86. 
| 
8 4 | § 1924 pp: 66, 71. 
15 5 | oes | 35 | 10 1925 pp: 86, 96. Lu 
21 6 | 34 1926 | pp. 72, 77, 82, 84. 
17 3 | «=» | @ |] 1927, 525 57) 62, 67, 
| 72. 
— 4 
Kenya—continued, 
Locality Cases Locality Cases Authority 
| | 
1913-1927 | | | 
| | Mo 
Eldama Ravine ... 2 Kakamega 3. | East Africa 
| Protectorate. 
| | 
Fort Hall... oot 85 Kismayu ... 2 | G 
Kacheliba 5 Kisumu... | R 


4 
| | | 


nN 


2 
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Kenya—continued, 
Locality Cases Locality 

Lamu... 3 Nairobi ... 
Lodwar ... 5 Nakuru ... 
Machakos 3 Narok ... 
Moerich ... 3 Northern Takana 
Malindt ... 3 Serenli... 
Mombasa sen} 896 Yonte ... 
Mueresst 5 


413 


These figures could only be used for comparative purposes if the population (European) of the 


various localities were known. 


LIpya, 


Locality 


Cases 


Authority 


Tripolitania and Cyrenaica 


‘There are no cases of this 


Professor Franchini (1929). 


disease in the Italian North Correspondence. 
| Africa where malaria is very 
| rare.’ 
Morocco. 
Locality Cases Authority 
Gharb District (1922) Vialatte (1922). 
Rabat... (1925 Vialatte (1925). 


NIGERIA. N 
Locality | Cases Authority 
| 
Benin j 17 Giraud (1891), p. 406. 
Niceria, NorTHERN. 
| | 
Europeans | Cases | Deaths | Natives | Cases _ Deaths Year Authority 
| 
21 5 | 1898 Nigeria, Northern 
22 3 1899 
165 12 3 | 1900 loc. cit. 
165 2° I | 1gol loc. cit. 
290 208 5 | 1g02 loc. cit. 
309 sy 8 | 1903 loc. cit. 
322 353 6 | 1904 loc. cit. 
342 181 4 | 1905 loc. cit. 
347 25% 5 | 1906 loc. cit. 
424 12 | 6 I 1907 Joc. cit. 
499 14 4 1908 Nigeria, Northern. 
S+4 13 3 2 ° 
637 9 2 | I I IgIo 
641? 12 6 | 9°27 X 108 I fe) IgII PP: 4, 40. 
703 14 4 | IgI2 pp: 7, 28. 
804 17 4 | 1913 p- 6 
g6g 22 | 
897 22 4 | 1gI5 Pp: 23. 
762 22 8 | 9 4 1916 PPp- 39, 35. 
779 19 + 1917 PP: 153, 158. 
989 | 27 7 1918 | pp. 37) 42. 
(1) The figures include non-Europeans. 
(z) Not including 79 Lagos Railway officials. 


A 
he 
x 
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NicERIA, SOUTHERN. 


Europeans | Cases | Deaths | Natives | Cases | Deaths Year Authority 
| | 
| 57 10 1907 
1,244 | 48 8 1908 Pp- 143, 150. 
29 10 | 1909 (1912), pp. 62, 126. 
| 34 7 1910 (1912). 
1,648 | 25 8 ‘ei | I ! 1? IgII 
21 3 | 2 I 
1,589 | 26 6 | 81x 108 | 3, 9 1913 
| 20 5 | | 1gI4 
1,650 2 | 7 2 Pp: 42, 76, 80. 
1,650 | 19 4 ai | 8 | I 1916 pp: 8, 46, st. 
1,650 | 22 II wits | 5 | 2 1917 pp- 12, 21, 45, 50. 
a | 29 4 sm | 11 ) 1918 | p. 20. 
| 
(1) 
NIGERIA. 
Europeans | Cases | Deaths | Natives | Cases Deaths | Year Authority 
33 8 | 6 1920 
41 10 | 5 I 1921 
wa 28 2 ro | 4 I 1922? pp- 7, 64, 70. 
25 6 | II 8 1923 pp: 6, 49, 
24 12 7 1924 Dp. 7, 12. 
4,050 30 7 | § 1925 PP: 12, 43, 49. 
4,833 30 8 | 1926 PP: 45+ 55: 
549331 15 3 | 1927 pss. 


(1) Northern and Southern Provinces combined (1919-21). 
(2) The returns for the year 1922 and onwards are for the combined Colony and Protectorate 


of Nigeria, including that portion of the Cameroons now under British mandate. 


Ee 
= 
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NYASALAND, 
Europeans Cases Deaths | Natives Cases | Deaths Year | Authority 
| 
608 1905-06 | Nyasaland. 
583 1906-07 | 
587 1907-08 | 
595 14 3 1908-09 
587 3 3 1909-10 | pp. 26, 27. 
5 3 IgiO-II | pp. §, ro, 18. 
4! I I I |p. 5. 
(Asiatic) 
758 10 I IgI2-13 (1913), p. 19. 
(Europeans (Asiatic) 
and Whites) | 
6 I 1913 | (1914), p. 12 
3 I 1914 | (1915), p. 12. 
2 (1916), p. To. 
2 I 1916 (1918), p. 10. 
2 1917 (1919), 9. 
I wk 1918 | (1919), p. 12. 
6 I (120), p. II. 
I 1920 (1921), p. 11. 
1,655 14 2 1921 (1922), p. 12. 
(Europeans 
and Whites) 
I4 6 1922 | (1923), p. 10. 
13 2 1923 | (1924), p. 9. 
(Asiatic) | 
5 2 8. 
3 3 1925 | =P 
II 2 8 3 1927, | p.7. 
(1) 11 in 1912-13 Report. 
Portucurst East Arrica. 
Locality Cases Authority 
Angoche ‘Mortality : ten times greater | Soromenho (1923). 
Chinde than the mortality for 
Inhambane malaria.’ 


Lourengo Marques 


Mogambique . 


Ouclimane 
Tete ... 


Mogambique Territory 


Delagoa Bay 


‘ Blackwater fever is the disease 
which catises more anxiety 


than 


any other 


to the 


European population of the 
whole territory of Mogam- 


bique.’ 


Turner (1g10), p. 112. 


Garin (1910), p. 252. 


R 


Rt 


| | 
| 
| 
i 
| 


SI 


RuopesiA, NORTHERN. 


Europeans Cases Deaths — Natives Cases Deaths Year | Authority 
4,600 (35)! | 7 1,140,642 1925 | Rhodesia, Northern 

(Africans) | | (19282), pp. 20, 21. 
(60)' | 12 1926 | loc. cit. 
29 9 1927. | Rhodesia, Northern 


7 
(19286), pp. 13, 39, 
2, 45, 48, 74°76. 


(1) Cases estimated on a basis of 20 per cent. mortality. 


RiHopEsIA, SOUTHERN.1 


Europeans Hospital Deaths Natives Cases Deaths Year Authority 
Cases | 


Rhodesia, Southern 


i 73 17 bes I 1 1906 (1g08), p. 15. 
14,007 57 13 1907 (1908), p. 15. 
14,640 41 12 we 1908 (1909), p. 19. 

75 18 3 I 1909 (1910), p. 15. 

75 17 (1911), p. 16. 

39 7 I I IgII (1912), p. 24. 

60 17 I (1913), p. 22. 

57 14° 4 1913 (1914), PP» 315 34- 

= 60 164 wis 2 _ | 1gts (1916), pp. 24, 27. 

34 5 I | 1916 (1919), p- 29. 

48 13 | | loc. cit. 

32 10 4 | 1918 loc. cit. 


(1) Southern Rhodesia includes Mashonaland and Matabeleland. 


(2) 34, p. 34. (3) European deaths 28, Indians 1, pp. 30, 31. (4) 37, p- 27. Natives 2 deaths, p. 28. 


j 
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SOUTHERN—continued. 
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Europeans Hospital] Deaths | Natives Cases Deaths | Year Authority 
Cases | | | 
| 
| | | | | Rhodesia, Southern 
38,284 36 | (1920), pp. 29; 32. 
| 
7o 10? 5 1920 (1921), Pp» 30 33, 
34+ 
33,620 53 1921 (1922), 7; 39; 4°- 
| 
49 | 4 | I 1922 (1923), p. 36. 
64 I4H | 
| 1923 (1924), p. 19. 
122 4o 
20 1H |) | 
| 3 2 | 1924 (1925), pp. 16, 50, 
39 1 | 53: 
52 13 H | 
1925 (1926), pp. 16, 42, 
78 26 T 43. 
37 11 H 
1926 (1927), pp. 21, 73: 
7 ) 77, 80. 
36 13H) 1927 (1928), pp 175 79, 
| 725 74; 73. 
1st I 


(1) European deaths g (1916), 17 (1917), 17 (1918), 18 (1919). 


Native deaths o (1916), o (1917), 1 (1918), 1 (1919). 


(2) “ Europeans 22 deaths, Natives 2 deaths, pp. 33, 34- 


(3) Europeans 23 deaths, Natives 1 death, pp. 39, 43. 


H = hospital cases. 


+ = total cases. 


The figures for total European deaths from Blackwater do not agree with those given in 
earlier reports. 


SENEGAL. 
4 | 
European cases Deaths Native cases Deaths Year Authority 
22 5 1905 Merveilleux (1910), 
693. 
44 6 1906 
27 5 1907 
50 | 8 I 1908 | 
45 1909 


| 
: 
; 
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SENEGAL—continued. 
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Locality Cases Authority 
General 1 (1925) Huchard (1925). 
Dagana | loc. cit. 
Dakar 6 (1909) Rosé (1911). 
‘a Dakar les cas sont fréquents.” | 
Dakar wee | Esquier (1922). 
infirmerie du Marigot) European 
and Black- 
Native Malaria water 
Strength. Cases. Cases. Year. | 
204 187 O I9gII | 
232 247 | 
291 2060 Il 1913 | 
387 229 I IgI4 
349 2g! 5 1915 
363 409 oO 1916 
| 495 1917 | 
| 1,103 1,780 It 1918 | 
| 770 846 16 191g 
4 (1914-16) Marcandier (1916). 
| Cases Deaths Year | 
Dakar 6 1892-1894 Clarac (1898). 
| 2 6 1894-1896, 
33 (1909) Merveilleux (1910), p. 689. 


Kaslack 


Kéntéba 


(abandonné depuis 1861) 


Meédine 


St. Louis... 
(a P’hopital de) 


Gorée Islands 


Saint Louis Island ... 


Cases 


Cases. 
I 


12 


35 
39 


‘ depuis vingt ans.... a Gorée 


3 deaths (1926) 


3 (1858-1859) 


Deaths 


NN 


1 (1gtt) 
g (1909) 
Deaths. 


eee 


Io 
8 


Year. 
1857 
1858 
1859 
1860 
1861 
1862 
1863 


Year. 

(1855) 

(1856) 
(1857) | 
(1858) 
(1859) 
(1860) 
(1861) 
(1862) 
(1863) 


285 bilieuses hématuriques 
sur prés de 23 mille entrées.’ 


2 (1909) 


‘ depuis vingt ans nous voyons — 


qu'il y a eu a Saint-Louis, 
178 fiévres bilieuses mélanu- 


riques seulement, sur prés de 
43 mille entrées a l’hépital.’ 


Dupont (1928). 


Barthélemy-Benoit (1865). 


| loc. cit. 


loc. cit. 


Gastou and Dufougeré (1911), 


p- 301. 


Merveilleux (1gto), p. 689. 


Barthélemy-Benoit (1865). 


Bérenger Féraud (1874), p. 62. 


Merveilleux (1910), p. 689. 


Bérenger Féraud (1874), p. 61. 


ne 
> 
| 
q 


S1eRRA J.EONE. 


| 


| 
Europeans | Cases | Deaths | Natives Cases Deaths 
| | | 
| | | 
620 5 I 
831 12 | 4 
(Europeans | 
and Whites) | | 
8 | 4 | 
| | 
9 
| IT | 4 | 
6 fe) | 
1,138 3 | ° | 
I 
1,036 I | 
| | 
1,176 6 | | 
6 
5 | I 
5 I 2 
3 2 
| 4 I 3 I 
4 2 | 4 


(1) 1 African. 


Year 


Authority 


Sierra Leone (1910), 
pp: 6, 54, 69. 
(1gtt), pp. 6, 24, 

49, 60. 
(1912), pp. 57. 
(1913), 75 43+ 5° 
(1914), 5. 
Pp. 
p: 
pp. 14, 26. 
pp. 13, 14, 33, 38. 
pp. 15, 40. 
pp. 8, 42. 
p. 38. 
(1922), p. 43. 
(1923), P+ 39 
(1924), PP- 9) 35, 42: 
(1925), PP: 9; 375 
(1926), pp- 6, 345 41- 
(1927), pp. 6, 31, 38. 
(1928), pp. 6, 42, 55. 


84 

| TQog 

| 1912 

| 1913 

1gI4 

: 1916 

1917 

1918 

1919 
1920 

1921 | 
I g22 
: 1923 
1924 

1925 
: 1926 | 
1927 
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SOMALILAND. 
Locality Cases | Authority 
Protectorate, British ...| “T have seen one patient who | Crosse (189g), p. 114. 
seems to have suffered from | 
the disease in Somaliland.’ 
No records (1923-1927) | Somaliland Protectorate. 
European 
Population. Natives. Year. 
52" 300,000 «1927 | 
Tralian ... ‘One mortal case was reported | Professor Franchini (1929). 


by one of the doctors of this Correspondence. 
Institute (Dr. Martinelli) in 


1926, in the region of Lugh.’ 


‘Another doctor of this Insti- 
tute, Dr. Veneroni, in 1924 
reported two cases among 

the white men in_ the 
English Jubaland, which is 
now an Italian possession 
(the Oltregiuba).’ 


‘La febbre biliosa emoglo- | Cosimo (1927). 
binurica nella = Somalia 
Italiana ¢ forse meno rara 
di quanto si sarebbe indotti a 
giudicare dalla deficienza 
di comunicazioni nosogra- 
fiche e anche da qualche 


asserzione negativa a 
riguardo.’ 
(1) 72including Air Force. 
Supan 
7} 
Locality Cases Authority 
| | 
Atbara 1 (1926) Anon (1928). 
Bahr-el-Ghazal «.. ‘ens 2 (1905) | Ensor (1906). 
> 


10 (?) 

‘ Blackwater fever is certainly 
more common.... in the 
Bahr-el-Ghazal_ than in 
some of the districts of the 
White Nile.’ 


Mongalla 1 (1926) Anon (1928). 


Roscires (Blue Nile) ... ... ‘Anotoriously malarial station | Balfour (1913), p. 37- 
where blackwater fever is 
known to occur.’ 


Wau ... 3 deaths (1905) Wenyon (1928) (personal com- 
munication). 


| 
| 
| 
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SupAN, FRENCH. 


Locality Cases | Authority 
Bamako (on the Niger) ss ss | Rousseau (1887). 
Campagne du Soudan, Durand (1891), p. 15. 
1889-1890 
Cases Deaths | 
Bammako ... 4 I 
Faboulabe 3 2 
Kita ... I i 
Niagassola... I I 
Siguirt ove I 
29 7 
: | ‘ Nous devons done nous con- 
tenter de comprendre dans 
ce groupe de fiévres bilicuses 
rémittentes la mélanurique 
et ’hématurique en faisant 
toutefois observer que la 
premi¢re est bien plus 
fréquente que la seconde.’ 
Bamako 2 (1896) Carmouze (1897). 
Djenné 1 (1896) 
| 
Kayes 18 (1895-1896) 
Kita ... 1 (1896) 
Siguiri 1 (1896) 
Tous les postes du Soudan ...' Deaths Year 
11 (1889) 
11 (1890) 
| 13 (1891) 
| 16 (1892) 
25 (1893) 
25 (1894) 
7 (1895) 
8 (1896) 
Dakeol 2 Ilenric (1898). 
Kankan I Quennee (1899). 
Kita ... 1 (1899) 


| 
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TANGANYIKA TrRRITORY (formerly German East Africa). 


Cases 


Locality 


Authority 


23 (1894-95) 
32 (1895-96) 
19 (1896-97) 
30 (1897-98) 
32 (1898-99) 


"TANGANYIKA TERRITORY. 


Mann (1902). 


| | | 
| | | | 
Europeans | Cases | Deaths — Natives Cases Deaths | Year | Authority 

| | | | 

30 | 45107,000 12 4 Tanganyika ‘Territory, 
| | p- Ila. 

an | 4H 4 ies 3 whe | 1922 pp- 63, 108. 

oe | I9 | 4 ‘ 16 3 1923 (1924), p. 138. 

| 16 | 2 15 | 1924 p- 138. 

| 521 7 8 | 1925 pp- 10, 13. 
| | 

| 857 | 10 4,319,000] | | 1926 (1927), p. 15. 

| 


(1) ‘Total number of cases. How many European cases is n 


ot evident. 


‘Toco (in 1920 divided between Gold Coast and Dahomey). 


Europeans | Cases Deaths | Natives | Cases | Deaths | Year Authority 
| 9 (total) | | Igot-o2z Arbeiten (1904), p. 81. 
| 2 (total) | 1902-03 loc. cit., p. 585. 

| | | | 
| 2 | | | 1904-05 | Medizinal, p. 117. 
| 6 | 2 | 1905-06 | p- 201. 
18 3 | 1906-07 | pp- 133, 
16 2 1907-08 sp. 256. 
| 6 | 1 wis | 2 1908-09 |p. 314. 
| 4 | | 1909-10 | 447- 
| a2 ! | IglO-Il p- 505. 


wh 
= 


Locality | Cases Authority 


| Gouzien (1911). 
‘Cette maladie n’y a jamais été | Nicolle, C. (1929). Correspondence. 
constatée de fagon certaine.’ 


UGANDA PROTECTORATE. 


| 
| | 
Europeans Cases | Deaths | Natives — Cases | Deaths Year | Authority 
| | 
Io | 2 (total) os 1904 Uganda Protectorate 
| | (1918), p. 12. 
14 | 3 (total) 1905 
4 (total) 1906 
| | 
Io | 2 | 1907. -1g08 Report type- 
| script. 
137 2 (majority Asiatics) | Report type- 
script. 
21 | 6 (total) | 1909s (1918), p. 12. 
| | 
26 | 6 (total) | 1g10 Loc. cit. 
! | | 
4 | I 14 2 Igit (1913), p. To. 
| 
| 2,840,469, 1g12 (1913), pp» 10, 17. 
| 
823 Ig | 2 2,889,561 39 1913 (1914), pp. 12, 19. 
1,017 2 | 8 2,904,454 4 1914 (i916), pp. 11, 17. 
65 18 (total) wer Ge (1916), p. 9. 
46 10 (total) (1917), p. 8. 
8 2 41 | 6 1917, (1918), p. 12. 
40 7 (total) 1918 (1921), p- 43. 
So4 24 4 59 | 14 Igtg loc. cit. 
12 | I 44 6 1920 loc. cit., pp. 11, 44. 
4 is 5c} Ig21 (1922), Appendix. 
15 | 4 68% 1922 (1923), Appendix. 
10 | 618 I4 1923 Appendix, p. 97. 
| 2 | 61 1924 (1925), Appendix, 
| | P+ 57: 
| ag 1925 | (1926), Appendix, 
| 
21 | 2 | 1504 48 1926 | (1927), Appendix, 
| 61. 
a | 86 | 22 1927. (1928), Appendix, 
(1) 49 Asiatics, 1 African. Europeans 11 cases, 3 deaths. Asiatics 72 cases, 
(2) 67 Asiatics, 1 African. 14 deaths. p. 96. 


(3) 61 Asiatics. (4) 127 Asiatics. 
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Union or Soutu Arrica. 


Locality | Cases Authority 

Union of South Africa wi No records (1927) Union of South Africa (1927). 
1. Cape of Good Hope 

Province. | Population :— 
2. Province of Natal. Europeans ... 1,637,472 
3. Province of Orange Fre Bantu... ... 5,034,563 

State. Asiatic ni 172,577 
4. South West Africa Mixed ws 563,32 

Protectorate (mandated). 
= German South West Africa. 7,407,932 
5. Province of Transvaal. 
Cape Province There is no blackwater fever ‘Turner (1gto), p. 

(= Cape Colony) in Cape Colony.’ 

Natal des ea ... ‘It has, though exceptionally, © Clemow (1993), p. 47. 


been seen.’ 
‘There have, however, been ‘Turner (1910), p. 112. 

two or three cases in the last 

four years reported as black- 

water fever in persons who 

certainly contracted the 

disease in Zululand or in 

Natal, close to the river 

Tugela.’ (Hill.) 


South-West Protectorate 11 (1894-95) | Mann (1go2). 
(formerly German South 
West Africa) 5 (1907-08) Medizinal, pp. 309, 314. 
I (19t0-11) Joc. cit. 


(Europeans ... 10,456 
Natives ... 335344) 


Transvaal*® ... ... ‘In the northern portions of (1910), p. 112. 
the Transvaal such as the 
Zoutpansberg and Water- 
| berg districts, it is also 
prevalent.’ 


Zoutpansberg District ... ‘Since 1896 the cases have  Borle (1911), p. 239. 
followed one another very 
guickly and I reckon that 
there are on the average 
five to ten cases a year in 
this part of the district 
where the population is 
small and much scattered.’ 


* Transvaal and Zululand.—Dr. W. A. Murray, of Pretoria, in a letter says:—‘ It is relatively 
common in the Lowveld of the ‘Transvaal; at Komatipoort alone there had been eight or nine 
cases in 1926.’ ‘ In certain areas of Zululand it is equally common.’ 


: 
ke 


West ArrRIca. 


Locality Cases Authority 


‘Tableau de la fréquence | Bérenger Féraud (1874), p. 238. 
proportionelle des maladies 
endémiques dans les diverses 
possessions frangaises de la 
occidentale d’Afrique 
(rapporté au dénominateur 
de 100 hommes et d’un an). 


Fiévre mélanurique. 
Cases Deaths 


Gorée 3°03 “gt 

St. Louts 0°93 *28 

Moyen ... 3°90 1°24 

Cayor ose wie 2°33 | 
Riviéres deSud 14°86 3°39 
(Cazamance, Rio Nunez) 

Cote d’Or ... 37°70 4°01 

Gabon 53°05 3°80 
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( 
Carr Verve Isianps, 
| 
Locality Cases | Authority 
| 
Saint-Nicolas ial ..- ‘Quant a la fiévre bilieuse | Fatome (1907), p. 246. 
hémoglobinurique affection 
| parapaludéenne, on la ren- 
7 contre quelques fois 4 Saint 
Nicolas (Riberia - Brava) 
| trés rarement dans les autres 
| les.” 
Comoro Isianps. 
Locality Cases Authority 
General ...| ‘La bilieuse hématurique | Fontoynont (?), pp. 258, 263. 
observe communément.’ 
Mayotta Le Roy de Méricourt (#853). 


_ ‘At Mayotta in the Comoro | Clemow (1903), p. 47- 
Islandsitis very prevalent.’ 


Lafont (igo8). 


_*C’est encore chez les créoles | Blin (1905). 
que se développe le plus 
frégquemment la ___fiévre 

___bilieuse hémoglobinurique.’ 

‘La fiévre bilieuse hémoglo- 

binurique présente chez les 
Européens caractéres 
| trés différents.’ 


I Vaysse (1896), p. 234. 


Mohéli a ee 2 (1903) Lafont (1905), p. 511. 
fiévre bilieuse hémo- 
| globinurique est rare et peut- ' 
étre faut-il attribuer cet 
| rareté au nombre restreint 
de blancs. Cependant deux 
| cas suivis de décés sont sur- 
venus en 1903. Ce sont les 
| deux premiers cas observés 
au cours des dix derniéres 
années.’ 


| 


CoNAKRY. 
Locality Cases Authority 
vide French Guinea 
FeRNANDO Po, 
Locality Cases | Authority 
Fernando Po... si ‘Die chinesischen Kulis am | Scheube (1gto), p. 70. 
Congo und auf Fernando 
Po haben dagegen sehr 
schwer unter der Krankheit 
zu leiden.’ 
GorEe. 
Locality Cases Authority 
| 
| 
| vide French Guinea 
MacCarruy Isianp. 
Locality Cases Authority 
vide Gambia | 
MADAGASCAR, 
Locality Cases Authority 
General .| ‘ La bilieuse hémoglobinurique Vivie (1903), 404. 


est fréquente dans le Nord- 
Ouest de Madagascar. 
une population Européenne 
trés restreinte nous avons eu 
10 cas en deux ans et demi.’ 


‘It is common in Madagascar 
not only in the lower-lying 
regions but also in the more 
elevated district of Ant- 
sianaka where it prevails 
especially in the cool season.’ 


‘Il y a des nombreux cas de 


fiévres rémittentes bilieuses, 


de bilieuses hémoglobinu- 


Sur 


Clemow (1903), p. 47. 


| Chemin (1904). 


riques et d’accés pernicieux.’ | 


2 
— 
‘ 
| 


MADAGASCAR——continued. 


Locality 


General—(contd.) 


Tananarive 
L’hépital 


d’ lsoavinandriana 


Ankadinandriana 
(native hospital) 


Mananjary and Ranomafara 


Tananarivo ... 


(native hospital) 


Tananarivo ... 


Madagascar and Réunion 


‘En tous les points de Vile | Fontoynont (?). 
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Cases 


se rencontre affection ; 
néanmoins le plus grand 
nombre des cas signalés sur 
les hauts plateaux sont ceux 
des gens qui s’étant pro- 
fondément impaludés dans 
les régions chaudes de la 
montent dans les 
régions froides du centre.’ 
65 (1897) 
16 (1905) 
(European troops ... 21,528) 


‘Pour le seul régiment d’in- 


fanterie représentant un 
effectif moven de 1000 
hommes... . 22 décés par 
suite d’accés pernicieux ou 
de fiévre bilieuse hémo- 
globinurique (1898).’ 
Cases Deaths Year 
I I (1904) 
3 3 (1905) 
3 (1926) 
34 (1907) 


‘Ce n’est qu’en 1907 que le 
diagnostic fiévre bilieuse 
hémoglobinurique apparait 
sur ces statistiques. Nous 
relevons pour cette derniére 
année 41 décés imputables a 
cette affection, ce qui par 
comparaison avec le chiffre 
des hospitalisations et des 
décés hospitaliers permet- 
trait de supposer environ 
200 cas en ville.’ 


28 (1921-23) 
1 (1904) 
3 (1905) 

19 (1906) 

26 (1907) 


41 deaths (1907) 


Europeans Native Year 
Troops 

63 13y7 

66 2 1898 

78 2 18gy 
10g 4 1g00 

2 5 

130 25 1g02 
162 25 1903 

5 deaths (1897) 


Authority 


Lidin (1898), pp. 490, 504, §12. 
Regnier (1907). 


Salanoue-Ipin (1911), p. 28. 


Rigaud ( 1909). 


Celestin (1923), p- 113. 


Fontoynont (1908), p. 577. 


Burot and Legrand (1897). 


| 
} 
| 
| 
| 
4 | 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
: | 
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Mavrirtivs. 


Locality 


Authority 


General 1 (1908) 

pourrais citer mazints 
autres exemples dans 
lesquels la température a 
été heureusement influencée 


par la quinine.’ 


28 cases regularly treated 
without quinine by Dr. de 
Chazal. 


‘Pendant le cours de ma 
pratique j’al eu asoigner une 
vingtaine de cas de fiévre 
hémoglobinurique.’ 


1 (1909) 
1 (1909) 


No records (1916-1926) 
Population (1926). 
Mauritius : 
General 
population 111,996 
Indians __... 277,733 
Chinese... 8,507 


Dependencies 


4070462 
13 (1921-1923) 
12 (prier to 1907) 
Beau Bassin aa wai 2 (prior to 1907) 
Flacq I (1907-08) 


Mesnil 


1907-08) 


Phoenix 
Port Louts ... 


V acao 


8 (1907-08) 
3 (1907-08) 


1 (1907-08) 


Senneville (1908). 


Raffray (tgo8). 


Vinson (1908). 


Chevreau (1909). 


Mauritius. 


| 
| 
| Raffray (1909). 


| 


| 


| 


| Celestin (1923), 114. 


de Chazal (1908), p. 118. 


| 
| 
oe. 
Mew 


Nosst-Bé. 
Locality Cases Authority 
22 Lebeau (1851). 
Le Roy de Méricourt (1853). 
Daullé (1857). 
‘ Ictero-haematuric fever, 185 | Davidson (1892). 
cases, 49 deaths (1862-1880)’ 
2 Yersin (1895). 
REUNION, 
Locality | Cases Authority. 

General ae ab ... ‘La bilieuse hématurique au | Fontoynont (?). 
contraire est moins 
fréquente qre dans Tile 
voisine (Madagascar).’ 

1 (1873 Monestier (1873). 

Enfin la fiévre hémoglobinu- | Merveilleux (1903). 
rique.... n’offre générale- 
ment pas ici la sévérite qu’on 
Jui réconnait a Nosi-Bé.’ | 

St.-Dents ... ‘Jai, en cing ans et demi | O’Zoux (1911). 
observé, chez 45 sujets 54 
cas de bilieuse hémoglo- 


| binurique.’ 


a) 


Sr. Lovts, Seneca, 


Sr. Marie. 


Locality Cases | Authority 7 


| Gouzien (191T). 


Sr. THome, 


Locality Cases Authority 


Da Costa (1906). C 


| 
see 
| | 
- 
( 
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ZANZIBAR AND Pemba Istanps. 


Europeans | Cases | Deaths Native Cases Deaths Year Authority 


| Zanzibar Protectorate 


) lg is 1gtO), p. 
2 5 I 1916 (1917), p. 11. 
2 2 (1918), pp.3, 5, 1 
I 7 1918 (1920), p. 
| 196,733 7 1921), pp. 9, 31. 
Ig20 | 
| ; 
1922 
1923 
| 
1924 
| | | | 
| | 1925 
| | 
1926 | 
| | 


(1) Nationality not stated. 
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SUSCEPTIBILITY AND RESISTANCE TO 
TRYPANOSOME INFECTIONS 


V. THE RESISTANCE OF RATS TO INFECTION 


BY 


I. J. KLIGLER 


AND 


R. COMAROFF 
(Department of Hygiene, Hebrew University, Jerusalem) 


(Received for publication 7 February, 1929) 


Host infection is conditioned on the one hand by the virus and on 
the other by the host. In the common type of infection the process 
may be said to consist of three phases. First there is the resistance to 
invasion—the virus being either prevented from entering the host 
or destroyed immediately on entry. As a consequence only a given 
percentage of those exposed to the virus become infected. If and 
when the virus gains entry into the body of the host there follows a 
period of lag or incubation, the length of which in any given host 
depends largely on the dosage and virulence of the virus. Finally 
there is the last and most important phase during which the host 
develops certain specific antibodies destructive to the virus, the 
final outcome depending to a large extent on the rate of evolution of 
these substances by the host in relation to the rate of multiplication 
and destruction of the virus. 

In pathogenic protozoan infections such as malaria and trypano- 
somiasis, the host-parasite antagonism differs from that observed in 
bacterial infections. The first stages of the process are apparently 
similar ; the last phase, however, is distinctly different. ven when 
spontaneous recovery occurs, the immunity is a transient one and 
specific antibodies are not readily demonstrable. Asa rule, however, 
the host ultimately succumbs after a more or less prolonged struggle. 
The nature of this resistance to a protozoan infection and the various 


factors influencing it has been the subject of our studies. 
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At present there are two views. One, supported by Taliaferro 
(1922, 1926), maintains that the resistance on the part of certain 
animals is essentially the same as in bacterial infections, and that 
specific lytic antibodies are developed in the course of the infection. 
Our own results (1924, 1926) and those recently reported by Regendanz 
and Kikuth (1927), on Lewisi infections in splenectomized rats, 
indicate that the resistance is essentially non-specific in character 
and resides in the reticulo-endothelial system. Even the inhibitive 
substance discovered by Taliaferro, in  Lewisi infections, 
according to Regendanz and Kikuth, not developed in splenec- 
tomized animals. 

In this connection the variable resistance of different hosts to the 
same organism is of special interest. Different hosts react to 
same dosage per body weight in a different manner ; the same dose 
of the same strain will produce a rapidly fatal disease in the mouse, 
a more prolonged infection in the rat, a relapsing type of disease in 
the guinea-pig, and a chronic infection in the rabbit. The end 
result is the same ; the nature and duration of the process is different. 
Similarly the same dose of the same strain will cause a more rapid 
evolution of the disease in infant rats than in adults and in mal- 
nourished than in well-nourished animals. Variations in the dosage 
of the virus also produce different results. Larger or smaller numbers 
of organisms will produce a more or less rapidly fatal disease in mice 
(Doerr and Berger, 1922), and rats and a shorter or longer incubation 
period in guinea-pigs (Kligler and Rabinowitch, 1927). 

It appears, therefore, that an understanding of the mechanism of 
resistance can be best obtained by a combination of the two methods. 
On the one hand, by observing the reactions of a given host under 
different conditions, and on the other, that of different hosts under the 
same conditions. In our previous contributions we followed the 
reaction in the guinea-pig and rabbit under various conditions with a 
view to observing the character of the resistance and, more 
particularly, the nature of the relapsing infection. It was shown 
that sensitising as well as immunising processes go on simultaneously, 
that the resistance can be modified artificially by injuring or blocking 
the reticulo-endothelial system, and that environmental and nutritive 
factors played an important role. (Kligler and Weitzman, 1926, 
Kligler and Geiger, 1928.) 
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For obvious reasons the influence of these latter factors can be 
more readily followed in the rat than in the guinea-pig. In the rat 
the character of the disease is simpler, the duration shorter, breeding 
and nutrition more easily controlled. 

As a preliminary to these studies it was necessary to elucidate the 
nature and course of the infection in normal rats. In their studies on 
resistance to trypanosome infections the Taliaferros (1922) concluded 
that in the rat there is, asa rule, no evidence of any resistance being 
built up either against the rate of reproduction or toward the destruc- 
tion of the parasites. If that were the case, one would expect to 
observe in the rat the same simple curve of geometric progression 
noted by Doerr and Berger (1922), in mice infected with Tvyvpanosome 
gambiense. ‘This is not, however, the case; neither the protocols 
presented by the Taliaferros, nor the preliminary counts made by 
us indicated that the progress of infection in the rat was of the 
same simple character as that observed in the mouse. On the 
contrary, it appeared that the rat manifested a definite resistance 
probably of the destructive type, which was not observed in the 
mouse, 

Infections in mice and rats have one aspect in common. In both 
animals, once the trypanosomes establish themselves in the peripheral 
circulation, they increase progressively in number until the death 
of the animal. In the mouse the multiplication follows a geometric 
progression, the generation time remaining practically constant. 
In the rat, however, the progression is irregular and the generation 
time variable. These facts are illustrated by the protocols of 
Doerr and Berger for mice, and the Taliaferros’, and our own 
observations for mice and rats. The problem to which we directed 
our attention was whether the variable progression in the rat was 
characteristic and, if so, what the nature of this resistance was. 

Doerr and Berger (1922) assumed that the rate of multiplication 
in the mouse was a function of virulence. This is probably the case 
in the simple instance (the mouse) where the host is apparently 
absolutely incapable of offering any resistance to the invading 
parasite. In a more complex instance where the host does offer 
some kind of resistance, the rate of multiplication is a function 
of host resistance as well as virus virulence. If the virulence and 
dosage are kept constant, then a change in the rate of increase would 
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indicate that resistance is offered and that there 1s either an inhibitive 
or a destructive mechanism at work, if not both. At any rate, an 
idea of the extent if not the kind of resistance offered by the rat, may 
be obtained by a study of the rate of increase of various species of 
trypanosomes under comparable conditions. 

Methods. The course of development of trypanosomes in 
infected rats was studied under conditions where other factors such 
as age, dosage, etc., were kept constant. Two strains of trypano- 
somes, 7. evanst and T. gambiense, were used. 

The infection was followed by counts made at frequent intervals. 
Early in the infection daily counts were made. As the infection 
advanced, counts were made at shorter time intervals. 

The rats were always inoculated with a small number of organisms 
in order to obtain a true picture of the normal course of the infection. 
The injection of massive doses of virus is in itself sufficient to modify 
the course of the infection and lead to variable results. Blood 
taken from the heart was diluted first with citrate and then with 
saline, so that 0-5 or 1-0 c.c. contained the requisite number of 
organisms. Inoculations were always made intraperitoneally. 

Two counting methods were used either singly or simultaneously. 
Direct counts were made in the blood counting chamber, by diluting 
the blood in saline to 1: 100 or 1: 200 as in red cell counts. If 
counts are made promptly while the trypanosomes are still alive and 
sluggishly motile, no difficulty is experienced in making the count. 
Usually we counted the number in 400 small squares, in order to 
reduce the error. Occasionally counts were made by comparing the 
number of trypanosomes with that of red cells in an ordinary blood 
smear stained with Giemsa stain. Because of the progressive 
anaemia in the course of the infection it is essential to make a red 
cell count prior to such counts. There was always close corres- 
pondence between the two methods and they could be used inter- 
changeably. For counts at frequent short intervals the slide method 
is preferable because slides can be prepared, labelled and counted 
at leisure. 

Results. The results were, in the main, so uniform that it 
will suffice to present a number of characteristic protocols. 
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I. Rats infected with 7. evansi. (See also fig. 1.) 
(a) Infected with trypanosomes from guinea-pigs. 
IXPERIMENT I. Rat, gS gms. in weight, inoculated 5,000 
7. evanst from guinea-pig, 19.2.28. The blood was positive on 
29.2.28, after an incubation period of 10 days. Died 9.3.28. 


Duration of life 19 days. 
Tasre I. 


| Blood Count Pryps. Count Generation Time* 
\ 
(per mm.3) 
Date Hour i R.B.C. W.B.C. Chamber | Hours 
| 
4.3.28 | 5,780,¢ 7,500 2,400 
5-3-28 8.30 a.m. 290,000 ) 
| | t 
6.3.28 8.30a.m. | 290,000 {oe 30 
| 34 
2.30 p.m. | 480,000 
| | 
7.3.28 g.30 a.m. | 660,0c0 
17 
| | 
9.3.28 g.coam. | | 1,940,000 
12.30 p.m. | | were 1,790,009 
9.3.28 p-m. 
Average ... 5.3.28, a.m., 9.3.28, a.m. 32 


* If we assume that the animal in question offers no resistance either of the destructive or 
inhibitive type, then the increase of the trypanosomes in the circulation ought to be in the nature 
of a geometric progression. — In this case 


fa = Ao." of 
Ao 
where 4n = number of trypanosomes at the end of a given time interval Tn. 
Ao = number of trypanosomes at the beginning. 
r == the constant ratio,in this case 2, since the division of the trypanosomes is a simple one. 


The only unknown in the equation is ”, the number of intervals or divisions in time Tn. 
The generation time equals the total time interval Tn, divided by the number of periods 
Tn 


minus one, or — 
n— | 


Example: On 6/3 8.30 a.m. the count was 480,000 and on 8/3 g.00 a.m. 1,960,000; the 
1,960,000 


equation is, therefore, 


480,000 
or n— = Q. 
é » 
The generation time = Tn 42 = 2). 
2 


t The symbol is used to indicate that the apparent generation time 1s infinity. In reality 
a microscopic examination of a stained specimen reveals numerous dividing forms ; what 1s 
presumably happening 1s that destruction and multiplication proceed at the same rate. 
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GRAPHIC PRESENTATION OF ReEsuLts or TJ. evansi INFECTIONS. 


EXPERIMENT 1, 
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EXPERIMENT 2, EXPERIMENT 3. 


Fic 1. 


NUMBER OF TRYPANOSOMES. 
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EXPERIMENT 2. Rat, 184 gms., inoculated 20,000 tryps., 
(T. evansi from guinea-pig) on 17.4.28. Blood positive, 22.4.28. 
Duration of life 163 days. 


II. 


Blood Count 


Trvps. Count 


Generation Time 


| 
| 
Date | Hour ——|—— 
| R.B.C. Chamber Days 
| 
16.4.28 6,160,000 
22.4.28 oce. 
8) 
24.4.28 9-45 a.m. 4,880,000 2,000 } 
| 
25.4.28 g.15 a.m. Neg. ‘ 
12.15 p.m. 2,000 ‘ 
26.4.28 10.00 a.m. 2,000 | 
134 
27.4.28 1.10 p.m. 8,000 ) 
30.4.28 10.00 a.m. 5,020,000 60,000 
1.5.28 3-45 p-m. 4,590,000 698,000 
5-00 p.m. wis 18 
2.§.28 9-45 a.m. §,050,000 1,180,000 
12.00 noon 4,360,000 1,1 §0,000 
| 320p.m. 4,340,000 1,230,000 
3.5.28 8.40 a.m. 3,360,000 1,166,000 
| 11.55 a.m. 1,190,000 
| 4.00 p.m. 3,000,0C0 1,024,000 
Heart 
| 4.55 p.m. 2,350,000 1,300,0C0 
| 
3.5.28 | 4.55 p.m. ess 
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(6) Infected with trypanosomes from rat; first passage from 
guinea pig. 


EXPERIMENT 3. Rat, 88 gms., weight inoculated 5,000 tryps. 


from rat, first passage. Incubation 10 days. Duration of life ‘a 
20 days. tis 
Taste IIT. 
Generation Time 
Date Time Tryp. Count 
Hours 
| 
29.2.28 | 
1.3.28 | 
2.3.28 + | 
4.3.28 | | 
5-3-28 | 2.00 p.m. 50,000 
6.3.28 | 2.45 p.m. 290,000 | ! 7 
8.3.28 g.cO a.m. 680,000 
1.00 p.m. 1,480,000 | oe) 
10.3.28 | g.00 a.m. 1,810,000 
11.00 a.m. | 1,680,000 | 


| 


+ = Trypanosomes present in stained drop but too smal! in number to count. 
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(c) Infected with trypanosomes from rat; 3rd passage. 


EXPERIMENT 4. Rat, 232 gms., inoculated 6,000 tryps. 
evanst, 3rd rat passage) on 25.3.28. 


tion 13 days. Duration of life 18 days. 


IV. 


Blood positive 7.4.28. 


Blood Count 


Tryps. Count 


(T. 
Incuba- 


Generation Time 


| Chamber Smear Hours 
7.4.28 am. |; 7,480,000 28,000 ) 
4-45 p.m. 318,000 16 
10.4.28 g.0O a.m. 410,000 } 
2.45 p.m. 3,840,000 556,000} 24 
11.4.28 9-30 a.m. 3,910,000 950,000 | | 
12.4.28 8.30a.m. | 4,100,000 1,254,000 | 1,391,600 aan 
2.40 p.m. | 1,200,000 | 
3-40 p.m. | 2,680,000 1,188,000 ows 
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(d) Infected with trypanosomes from rat; 4th passage. 


EXPERIMENT 5. 


Rat, 84 gms. in weight, inoculated 15,000 tryps. 
from rat, 4th passage. Incubation 10 days. Duration of life 22 days. 


Taste V. 
Counts Generation Time 
Date Time 
R.B.C. Tryps. Hours 
26.4.28 53740,000 Occasional 
6.5.28 
8.5.28 g.00 a.m. 5,480,000 Negative 
9.5.28 g.00 a.m. Negative 
10.5.28 10.00 a.m. §,000,000 4,000 ) 
18 
11.5.28 10.00 a.m. 6,000 
48 
13.5.28 10,00 a.m. 3,980,000 12,000 
24 
14.5.28 1.00 p.m. 28,000 
6.00 p.m. 4,230,000 58,000 18 
15.5.28 12.00 noon 4, 100,000 76,000 
6.00 p.m. 146,000 10 
16.5.28 10.00 a.m. 4,200,000 284,000 
24 
17.5.28 9.00 a.m. 4,230,000 588,000 } 
5.00 p.m. 3,980,000 780,000 jeer 24 
18.5.28 g.00 a.m. 3,700,000 1,150,000 | 
| 
12.00 noon 3,440,000 1,200,000 
1.15 p.m. 2,040,000 


fr 
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Rats infected with T. gambiense. 
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(See also fig. 2.) 


(a) Infected with T. gambiense from rat ; 2nd passage. 


EXPERIMENT 6. Rat, 59 gms., inoculated 20,000 trypanosomes 


from rat, 2nd passage 


19 days. 


Incubation period 6 days. 


Duration of life 


Taste VI. 
| Count Generation Time 
Date | Hour . 
| Red Cell Tryps. | ILours 
26.3.28 | g.00 a.m. 7,960,000 2,000 Q a.m., 26-27 == 12 
| 5.00 p.m. | 4,000 | 
27.3.28 | 9.00 a.m. | 8,000 | 
| 5-00 p.m. ons | 16,000 | g a.m., 27-28 = 16 
28.3.28 | g.00 a.m. 22,000 
3-30 p.m. | ove 42,000 9 a.m., 28-3 p.m., 29 = 15 
29.3.28 | 9.00 a.m. | _ 68,000 3 p-m., 28-3 p.m., 29 = 24 
| 12.00 noon | ene 80,000 9 a.m., 29-30 = 24 
| 3:30 p.m. 45360,000 86,000 
30.3.28 | g.coa.m. 3,240,000 | 108,000 | ga.m., 30-31 =? 
| 1l.00am. | eee 130,000 
| 2.00 p.m. | g6,000 ga.m., 3I-I = I2 
3.30 p.m. | 122,000 
31.3.2 | g.00 a.m. | ose 156,000 “a 
| 
12.00 noon | 156,000 g I-2 = 24 
1.4.28 | 9.00 a.m. | 602,000 
3-30 p-m. 712,000 
2.4.28 | 8.30a.m. 2,600,000 1,084,000 
g-15 a.m. 1,335,000 
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GRaPHIC PRESENTATION OF Resutts or T. gambiense INFECTIONS. 


1,000,000 / 


100,000 A 


=e 


NUMBER OF TRYPANOSOMES. 


10,000 


28.3 29.3 30.3 31.3 1.4 2.4 7.4 8.4 9.4 10.4 11.4 12.4 10:5 11.6. 12.6 18.5 
EXPERIMENT 6. EXPERIMENT 7, Rar A, 


Note the contrast in the character of the first two curves as compared with 
the last which approximates that of the mouse. 


Fic 2. 
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(0) Infected with T. gambiense from rat ; 3rd passage. 


EXPERIMENT 7. Rat, 74 gms. in weight, inoculated 6,000 


T. gambiense from rat, 3rd passage. 


life 18 days. 


Incubation 9 days. Duration of 


Tasie VII. 
Count Generation Time. 
Date Hours 
| R.B.C. Chamber | Smear | Hours 
7.4.28 a.m. 6,680,000 34,000 | oe 
| CO 
8.4.28 p-m. 30,000 | 
| | 24 
9.4.28 g.00 a.m. ‘ini 70,000 | | 
12 
10.4.28 10.00 a.m. 256,000 | 
10.4.28 3-00 p.m. | 408,000 | 
11.4.28 11.15 a.m. 3,360,000 600,000 | 
24 
12.4.28 11.15 a.m. | 3,370,000 1,100,000 1,196,350 | 
2.15 p.m. | ia 1,313,000 ‘ik | 
4.00 p.m. | 1,556,000 
| on 
5-30 p.m. | 1,390,000 


| (Heart blood) | 
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EXPERIMENT 8. _ Rat, 72 gms., inoculated 6,000 T. gambiense 
from rat, 3rd passage. Incubation 8 days. Duration of life 17 days. 


VIII. 
Count Generation Time 
Date Hour 
R.B.C. Tryps Hours 
4.4.28 a.m. 20,000 
12 
6.4.28 a.m. 350,000 
24 
7.4.28 g.00 a.m. 6,150,000 728,000 
8.4.28 9.00 a.m. 5,680,000 660,000 
1.00 p.m. 600,000 
4.00 p.m. 700,000 
9.4.28 10.00 a.m. 600,000 
1.00 p.m. 458,000 
| 24 
| 3 30 2,780,000 478,000 
10.4.28 | 9.00 a.m. 1,300,000 
| 12.00 noon | 778,000 
1.00 p.m. 776,000 oC 
| 2.30 p.m. 2,800,000 | 684,000 
11.4.28 8.00 a.m. | 1,620,000 
(Heart blood) 


Discussion. It is apparent from the protocols and curves 
presented above that the infectious process in trypanosome infected 
rats is not a simple one. Before the organisms have definitely 
invaded the circulation, as well as after they have established them- 
selves, there are fluctuations in the numbers of trypanosomes and 
the growth curve is quite different from that observed in mice. 
An analysis of the protocols presented by the Taliaferros shows that 
their results correspond with ours. Rats 709 and 729 show a definite 
relapsing type of infection, while Rats 703 and 705 manifest the same 
general irregularity in the generation time as do our rats. Another 
point of interest is that the same strain in mice not only shows a 
smooth growth curve, but a much lower average generation time 
than it does in rats. In the mouse infected by them with 
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T. rhodesiense, for example, the generation time fluctuates around 
6 hours and the average is 6-5 hours, whereas in the rats presumably 
infected with the same strain, the generation time varies from 6 hours 
to 48 hours, and the average is 17 to 18 hours (Rats 703 and 705). 

These irregularities can only be accounted for by assuming that 
the rat possesses some mechanism of resistance which does not 
exist in the mouse. This mechanism is probably similar in kind to 
that present in the guinea-pig, although different in degree. Experi- 
ments not yet completed indicate that the injection of olive oil has a 
similar depressing effect on the resistance of rats as it has on guinea- 
pigs. In the latter the Taliaferros postulate a destructive type of 
resistance because the coefficient of variation of the developing 
trypanosomes which is a measure of rate of growth is constant. 
That this is also the case in our rats is indicated by the fact that there 
is an active state of division as well as an actual rise and fall in the 
numbers of trypanosomes at all stages of the infection. If this 
assumption is accepted as valid, and the rate of multiplication is 
constant, then it follows that the variations in the generation time 
in infected rats at different stages of the process is due to a variation 
in the rate of destruction. This destructive process must go on in 
the rat throughout the entire period of infection, even in the early 
stages before the hypothetical antibodies have had time to develop, 
since variations in numbers are just as common in the early as in the 
late stages of the infection. 

These experiments do not solve the problem as to the nature of 
the mechanism responsible for the destruction. Large amounts of 
serum taken from a rat at the height of the infection, and injected 
into another infected rat, produces no effect on the numbers of 
trypanosomes or on the course of the infection. At the same time, 
it is possible occasionally to obtain an infection in a treated rat which 
corresponds closely with that observed in mice. In one experiment 
a group of rats were infected with 7. gambrense. The infection 
failed to develop, presumably because the dilution process left a 
smaller number of organisms in the inoculum than was expected. 
Three weeks later these rats were re-infected with 25,000 organisms 
of the same strain. All the rats of the series showed a lower incuba- 
tion period (4-5 instead of 8 days) and shorter duration of illness 
(103 instead of 18 days), and some of them showed growth curves 
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approximating that in mice (see fig. 2). The protocols of two of these | 1 
rats is presented below. The others were less regular but of the { 
same general character. 
IX. 

| | 
A Generation Time B Generation Time 

Number 244 66 | 
Weight Count Hours Count Hours ] 
Infected 12.4.28 one I 
8.5.28, 8.20 a.m. 

95-28, 
10.5.28, a.m. 20,000 

| 
11.5.28, a.m. 128,000 } 44,000 | ] 
12.5.28, a.m. | 12 ( 

16 
13-5.28, 9.50 a.m. 1,032,000 708,000 ) t 
11.30 a.m. 1,320,000 64 

5.00 p.m. 1,401,000 | 
Average 12 Average 
Similar effects may be obtained by an injection of oil prior to an ( 
infection. In other words, rats treated so as to induce a depression | 
of the resistance mechanism develop an infection which approximates t 
that observed in the mouse. It would seem from these observations ‘ 
that we are dealing with a resistance mechanism which varies in t 


degree in these different animals, being practically nil in the mouse, 
moderate in the rat and much more highly developed in the guinea- 
pig. 
/ The cause of death in trypanosome infections is a question of 
vid \ / considerable interest. Doerr and Berger called attention to the fact 
* that in their mice death occurred when the number of trypanosomes 
reached a certain fairly constant concentration per cubic millimeter 
of blood. We observed a similar relation in our rats. The average 
number of trypanosomes per cubic millimeter at or shortly before 
exitus was I,440,000 in II rats infected with 7. evansi, and 1,420,000 1 
in 14 rats infected with T. gambiense. It is not certain, however, t 
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whether the number has a direct causal relation to the death and 
the shock which precedes it or whether the number is incidental to 
other concomitant factors which are responsible for death, the latter 
limiting the number of trypanosomes per unit volume. In this 
connection it is of interest that different species of trypanosomes 
apparently reach a different limiting concentration. From the 
protocols presented by the Taliaferros it appears that in infections 
with 7. rhodesiense death ensues when the number per cubic 
millimeter is about 3,000,000. In 7. eqguiperdum the number 
reaches 5,000,000 and in T.. equinum 10,000,000. In our experiments 
with infant rats (11-12 gms.) death occurred when the number 
was only 750,000. It is noteworthy that in all cases the red cell 
count at time of death was greatly reduced, often to about 2,500,000, 
or about one-third of the original count. In experiments now in 
progress we have noted a constant increase in the lactic acid 
concentration of the blood parallel with the increase in the number of 
trypanosomes. These experiments will be reported in another 
communication. 

Whatever the immediate cause of death may be, there is a direct 
connexion between it and the number of organisms in the blood 
stream. The difference in the final concentration of trypanosomes in 
infections with different species might be due to a difference in the rate 
of fermentation, so that the ultimate injury resulting in death is 
produced only by a larger number of organisms. If this proves to be 
the case, we have both a simple explanation of their pathogenicity, 
as well as a method for differentiating some of the species of 
trypanosomes. 


SUMMARY 


A study was made of the course of a trypanosome infection in rats 
and of the character of their resistance to such infections. The 
investigation was carried out by following the course of infection in 
rats by repeated counts of the number of trypanosomes in the 
circulation. An analysis of the data indicates that :— 

1. The infection in the rat is of an order intermediate between 
that in the mouse and guinea-pig. The rat possesses a resistance 
which is probably the same in kind as, but different in degree from 
that of the guinea-pig. 
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2. Although the infection is a progressive one there is a constant 
destruction of trypanosomes throughout the course of infection. 

3. Depression of the resistance may result in an infection which 
approximates more closely that of the mouse. This phase of the 
question is now under investigation. 

4. At time of death the concentration of trypanosomes in the 
circulation is constant. For the species studied, the average numbers 
were 1,440,000 for 7. evanst, and 1,420,000 for 7. gambiense. 
The red cell count is also greatly reduced, but varies a great deal 
more than the trypanosome count. 

The direct causal relation of these factors to death of the animals 
is not certain. It appears, however, that death is due to injury 
produced by the metabolic products of the trypanosomes (lactic acid) 
and that the organisms must reach a certain concentration, which 
differs with different species, before they can affect the changes or 
intoxication which lead to death. Disturbance in the oxidation 
mechanism is probably a critical element in the process. 
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PLATE III 


In 1924 I described a cestode as Op/iotaenia testudo, from the 
soft-shelled turtle (Amyda spinifera). Nybelin’s (1917) paper on 
Australian cestodes, which were collected during Dr. Mjéberg’s 
Swedish Scientific Expedition to Australia, was not available to me 
and I did not know that he considered the genera Ophiotaenia, 
Ophidotaenia and probably Solenotaenia as synonymous with 
Crepidobothrium. Although it is not necessary in this paper to 
consider his arguments for such synonymy in regard to Ophiodotaenia 
and Solenotaenia, it is desirable to point out that he considered 
La Rue’s genus Op/iotaenta not to possess sufficient distinguishing 
characters to separate it from the earlier named genus. 

La Rue, in discussing the validity of Op/iotaenia, stated that 
‘while in the structure of the proglottids and in the arrangement of 
the genital organs this species (C. gerrardit) agrees almost perfectly 
with the Ophiotaenia, there remain two characters which are deemed 
of sufficient value to warrant a separation of the snake Proteo- 
cephalids into two genera. These characters are the structures of 
the suckers and the length of the neck.’ 

Nybelin found in certain individuals of C. mjébergi that some of 
the suckers were re-entrant and some were not, thereby negativing 
one of the two characters pointed out by La Rue. The other 
character, the length of the neck, does not appear to be of sufficient 
importance to justify the separation of the genera. The most 
that could be said concerning the length of the neck would be that 
it might play a part in the separation of species but when one realises 
the great variation in the length of various organs and parts in an 


* Read before the American Society of Parasitologists, New York City, December 27 to 29, 1928. 
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individual species, it is evident that the length of so elastic a structure 
as the neck is not of generic importance. Furthermore, in the generic 
characterisation of Ophiotaenta, La Rue does not mention the neck. 
There being no other distinguishing characteristics in the genus as 
opposed to the genus Crepidobothrium it appears that Nybelin’s 
contention is valid. 

Meggitt (1927), in discussing the validity of certain genera 
belonging to this group of worms, agrees with Nybelin and with 
him places the three genera in question as synonymous with 
Crepidobothrium. He accepts the genus Ichthyotaenia Lonnberg 
(1894), in preference to Proteocephalus Weinland (1858). The only 
other three genera in the family which he accepts are 
Corallobothrium Fritsch (1886), Gangesta Woodland (1925), and 
Crepidobothrium Monticelli (1899) ; the latter, in addition to the 
three genera already mentioned should according to Meggitt 
contain Acanthotaenia shipleyi Linstow (1903). As synonyms of 
Ichthyotaenia, he gives Acanthotaenia Linstow (1903), Bactrachotaenia 
Rudin (1917), and Choanoscolex La (1909). 

It is unfortunate that Meggitt’s (1927) article has suffered from 
what is evidently poor proof-reading for it often leaves one somewhat 
in doubt as to the author’s meaning. Besides the fact that he has 
given as many as three different dates for the naming of a genus 
and two different spellings for the name of a species and has stated 
that the only Corallobothrium species is lobosum Riggenbach (1895), 
a similar error being made by Woodland (1925), there are certain 
other more serious errors in the text. - He states that in C. ¢estudo 
(Magath, 1924) there are from fifteen to twenty uterine pouches, 
whereas the original description states that the number of pouches 
is from fifteen to twenty-five. After arguing, on page 81, that. the 
species testudo should be placed in the genus Crepidobothrium, he 
places it in the genus Ichthyotaenia on a subsequent page. This is 
evidently a curious error because in the key of species of the latter 
genus he lists 7. magna (Magath, 1924) ; then in the table of species 
he lists the species as J. testudo (Magath, 1924). Evidently it should 
be the species of Hannum. (1925). -On page 77 he states that 
C. gerrardit (mis-spelled gerrardi) and C. paraguayensis appear to be 
identical in spite of the fact that C. gerrardii and C. perspicua are the 
only two members of the group given in his table ‘ D’ that possess 
an apical organ and the genital pore in C. paraguayensis is anterior 
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and in C. gerrardi is central. In short, there is as much difference 
as given in his own table between these two species as any other two. 
He further says that the species ‘ magna, ménnigi, schultzei {mis- 
spelled schultzt], testudo and hylae are stated to have the testes in two 
fields, but with the vagina anterior or posterior : no statement is made 
whether the vagina is invariably constant in position; only in 
filaroides is this the case.’ In the description of C. testudo, I stated 
on page 46, ‘ The vagina always lies anterior to the cirrus pouch.’ 
Finally, one should point out the fact that his descriptions of the 
new species do not differ in general from those of previous authors. 

Sandground (1928) described two new species of cestodes and 
re-described a third, all of which he placed in the genus Ophiotaenia. 
He did not discuss the validity of the name except to show that he 
was cognizant of the work by Nybelin, Woodland and Meggitt, but 
he did point out that Fuhrmann (1924) still retains La Rue’s genus. 
However, on examination of Fuhrmann’s paper one finds that 
while it contains a description of a species there is no discussion of 
the validity of the genus Ophiotaema. Furhmann did not refer 
to Nybelin’s work which might be taken to indicate that he had not 
examined it. 

While it does not seem wise at this time to accept Woodland’s 
(1925) sweeping revision of the Proteocephalids, although there is 
argument in favour of it, it seems to me clear that Ophiotaenia is 
synonymous with Crepidobothrium. 

Being impressed by the fact that the only identifiable food in the 
stomach of more than one hundred soft-shelled turtles examined 
were crayfish, and that no crayfish had been seen in the more than 
two hundred hard-shelled turtles examined, together with the fact 
that C. testudo was never encountered in hard-shelled turtles and was 
present in soft-shelled turtles, I suggested that the life-history of the 
worm might have something to do with crayfish. Further work on 
this line had demonstrated that the crayfish probably does not enter 
into the life-history of the species. 

Profiting by the excellent work done on the early life-history 
of certain cestodes by Essex (1927, 1928), I have investigated the 
life-history of C. ¢estudo and am now able to describe the first stages. 
For the history of the subject and general procedure the reader is 
referred to the papers by Essex. 

Eggs may be obtained in large numbers by placing pieces of the 
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adult worm in tap water, and masses of eggs may be seen to be 
extruded all along the worm. The description of the eggs which 
was given earlier (1924) was made from preserved material, hence the 
following description made from living material is more accurate. 
The size of the outer membrane varies a great deal, but in mature eggs 
(Plate III, fig. a) it ranges from 60” to room in diameter. This 
membrane is thin and transparent, containing thin mucoid fluid which 
contains the oncosphere surrounded by another covering. This 
covering consists of a membrane beneath which is a layer of granular 
material in which one sees globules of some more refractive material. 
This covering is about 10u thick and inside it is the oncosphere. So 
far as I am able to see, there is no third membrane between the second 
membrane and the oncosphere. In this I agree with Essex (1928) 
and further consider the second covering homologous to the shell 
of such eggs as 7. saginata. There is certainly no delimiting inner 
membrane to the granular second covering for if it is ruptured the 
contents flow out, leaving only the thin outer membrane of the 
second covering, and although I tried repeatedly, it was never 
possible to demonstrate a third covering. 

The six-hooked oncosphere has an average diameter of 20m and, 
with the second covering, is 40m in diameter. 

The mature embryo is motile within the second membrane but 
seems unable to free itself from the shell. The six hooklets invariably 
have the blade of the hooklet toward the centre of the oncosphere 
and the hooklets are in pairs. They are about 5u long and the 
hook itself appears to be little more than a slight projection from, 
or knob on, the shank. 

Following the usual procedure, a large quantity of eggs was 
placed in an aquarium with various samples of plankton. This 
particular material contained at least three unidentified species of 
Cladosera, one species of Diaptomus and Cyclops leuckarti and Cyclops 
bicuspidatus. During the course of the experiments two hundred 
Cladoserae and twenty Diaptomi were examined, but none was found 
to contain the larval forms of C. ¢estudo. The two species of Cyclops 
ate the eggs of the tapeworm readily in the manner described by 
Essex (1928). However, no development took place in 
C. bicuspidatus. In one experiment, after feeding C. bicuspidatus 
with eggs, seven were examined 72 hours later, six after 96 hours, 
twelve after 110 hours, and five after 132 hours, with negative results. 
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On the other hand, every C. leuckartt examined (eighty-two in all) 
after it had been in contact with these eggs, contained the developing 
oncosphere in numbers from one to twelve. In view of this, together 
with the fact that the development of the oncosphere was progressive 
with time, supports the conclusion that C. leuckarti is a natural first 
intermediate host for C. testudo. 

As soon as the oncosphere reaches the body cavity of the Cyclops, 
which takes place in at least six hours, it has become quite active, 
extending and contracting, but for the most part retaining a spherical 
shape. The hooklets, now fully formed and about row long 
(Plate III, fig. d), can be thrust out from the limiting membrane and 
now it is observed that the larvae seem to move with the hooklets at 
the anterior end, but the hook part of the hooklet is now near the 
periphery of the animal, opposite its position when the oncosphere 
was enclosed in its shell. This fact I have never seen referred to and 
since the hooklets have never been seen to turn over, it must be 
concluded that they immediately begin to pass backward through the 
body of the oncosphere. Essex (1928) illustrated the same thing in 
his drawing, but did not comment on it. Hunter (1928) has 
represented the hooklets in the same relative position in the egg 
(opposite to the way I found them) as in the early larva. 

The motion of the hooklets is interesting. As the larva contracts 
they appear with the two lateral pairs horizontal and in the same 
straight line, with the central pair at right-angles. When the larva 
elongates, the three pairs become parallel. This alternating contrac- 
tion and extension is often quite rapid. 

Variation in size in the growing larvae is great and depends 
somewhat on the number the Cyclops ingests, hence the figures given 
will be for typical oncospheres at different stages. They were 
studied alive in 0-5 per cent. solution of sodium chloride because 
plasmolysis took place in water. Plate III, fig. 6, illustrates an 
oncosphere which had been fed 47 hours earlier and it was 40 in 
diameter. After another forty-eight hours a Cyclops was examined 
which harboured ten oncospheres, the largest being 60m in diameter 
(Plate III, fig. c), and still spherical. After that, the larvae elongate 
and the hooklets remain posterior. After another twenty-four hours 
the largest larvae appear as in Plate III, fig. c, and have an average 
length of from 0-160 mm. and 0-090 mm. wide. They are capable of 
a great deal of extension and begin to assume more of a ribbon shape. 
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Hooklets are often left in the body of larvae and after another forty- 
eight hours have elapsed the end away from the hooklets is definitely 
established as the head end. However, the larvae have practically 
reversed their polarity after the ninety-six hour stage. The form is 
capable of constricting at irregular intervals so that the hooklets 
eventually are contained in a small rounded ball at the posterior end 
and the head end is often pushed out in a knob-like form. This does 
not become permanent until the next day when the so-called end 
organ appears as an urn-like structure with an anterior indentation. 
Fight days after the Cyclops has been fed, the end organ is fully 
formed and is 50m in diameter. It can be protruded and retracted. 
At this time the cercomer is formed, containing the hooklets, and is 
25u long. On the seventh day calcareous bodies appear and are 
arranged in two lateral rows (Plate III, fig. f), about eight in each row. 
The larvae are very active, moving constantly in the body of the 
Cyclops. They constrict themselves at different places and elongate, 
changing into grotesque shapes. 

The next stage in their development takes place during the next 
twenty-four to forty-eight hours, when the four suckers make their 
appearance (Plate III, fig. g). They are especially noticeable when 
the larvae are elongated and appear as crescentic thickenings 38 
long. Although the embryos assume various shapes there is a 
definite tendency to constriction in a region which may be termed the 
neck. This accentuates the head and the body assumes an elongated 
appearance. There is further development of the end organ and 
suckers during the next few days, and the calcareous bodies become 
irregularly scattered throughout the body, but there is none in the 
head. 

When the larva is twelve to thirteen days old its motility becomes 
less and it begins to contract more and more until finally the head 
invaginates into the body and the larva assumes the shape of a 
pear (Plate III, fig. 4). The head often rotates (Plate III, fig. z ) so 
that as one looks at the larva from the side, the end of the head 
presents itself. In this position the end organ and suckers are clearly 
defined. The larvae average 0-180 mm. long and 0-120 mm. broad at 
the greatest diameter. The end organ is 50m in diameter and the 
suckers 38 in diameter. After fourteen days the larvae cease to 
undergo further development except that the cercomer drops off. 
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The larvae are incapable of locomotion, but a churning movement 
of the protoplasm and the head is seen. 

The part of the life-history between this phase and the appearance 
of the worm in the intestine of the turtle must for the present remain 
a matter of speculation, as must the nature and disappearance of the 
end organ. I have seen larval cestodes in the livers of fishes, which 
have heads suggesting the genus Crepidobothrium but possessing end 
organs. It may be that the infested Cyclops, when eaten by fishes, 
are freed of their parasites and that the worms find their way to the 
liver, there to encyst and be eaten in turn by turtles. I have been 
unable to ascertain whether soft-shelled turtles eat fish and I have 
never seen one in their stomachs, but they are swift enough to catch 
them and they may even obtain the plerocercoids from dead fish, 
or, of course, they may obtain the worm directly from the Cyclops. 
The large numbers of tapeworms seen in turtles and the failure to 
observe very small worms in the intestine rather argues against the 
last method of infestation. This subject will be studied later. 


SUMMARY 


The author agrees with Nybelin that the genus Ophiotaenta is 
synonymous with Crepidobothrium. 

The early life-history of C. testudo (Magath, 1924) is described. 
It takes place in Cyclops leuckarti in fourteen days. 
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EXPLANATION OF PLATE III 


Fig. a. Mature ovum of C. testudo. 

Fig. b. Embryo from C. leuckarti. 

Fig. c. Embryo from C. leuckartt. 

Fig. d. Hooklet from embryo. 

Fig. e. Embryo from C. leuckartt. 

Fig. f. Embryo from C. leuckarti showing cercomer and end organ. 


Fig. g. Head of embryo from C. leuckarti showing end organ and 
suckers. 


Fig. h. Embryo from C. leuckarti after head has invaginated. 


Fig. 7. Embryo from C. leuckarti after cercomer has dropped off. 
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MISCELLANEA 


STRONGYLOIDOSIS OF THE WOOLLY 
MONKEY (LAGOTHRIX HUMBOLDTI1) 


(kecetved for publication, 13 February, 1929) 


In November, 1928, one of us (A. W. N. P.) received the stomach 
and intestines of a Central American monkey, which had died after 
showing marked vomiting, diarrhoea, and great loss of flesh. After 
some correspondence we think it was shown that the species in 
question was Humboldt’s Nigger Monkey, or Woolly Monkey 
(Lagothrix humboldti). This species is often kept as a pet in this 
country. 

On the outside of the small bowel, a male and female Dipetalonema 
vracile were found. 

These long, and slender filariid nematodes live within serous 
cavities, and rarely produce disease. 

The faeces contained numerous Strongyloides eggs, and scrapings 
from the mucous membrane showed large numbers of parasitic 
females of this genus. The following average measurements were 
obtained from five specimens: length, 4:86 mm.; length of 
oesophagus, -86 mm.; vulva to tip of tail, I-94 mm. ; anus to tip 
of tail, 8ru. The vulva and anus were salient, and the striations 
were well marked. It is, therefore, suggested that the species is 
S. paptllosus in the widest sense, and in accordance with the views 
expressed by Chandler (1925). 

A damaged ancylostome was also found, which proved to be 
Ancylostoma duodenale. 

Although there is some dispute as to the pathogenic effects of the 
different species of Strongyloides, it would appear from the history, 
the clinical account of the case, and the details of the post-mortem 
examination furnished by the sender, that the monkey’s illness and 
death were due to intestinal toxaemia resulting from Strongyloides 
infestation. A point of additional interest is the presence of the 
human ancylostome in an animal which enjoyed the company of man. 

A. W. N. PILLERS. 
T. SOUTHWELL. 
REFERENCE 
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A NOTE ON A NYMPHAL LINGUATULID— 

LEIPERIA CINCINALIS Samspon—FROM THE 

MUSCULATURE OF THE FISH TILAPIA 
NILOTICA 


(Received for publication, 13 February, 1929) 


In July, 1928, Mr. S. C. J. Bennett, M.R.C.V.S., of Khartoum, 
forwarded to one of us (A. W. N. P.), a pentastome which he had 
collected from a cyst in the flesh of a river fish known on the Upper 
Nile as bulti milotica). preservative was apparently 
alcohol of unknown strength. 

The specimen was a nymph measuring about 3:5 cms. in length, 
by 2 mm. in diameter at the thicker anterior end, and I mm. at the 
narrower posterior extremity. It was cylindrical, and _ slightly 
flattened in front. The colour was reddish-yellow. Throughout its 
length the cuticle was annulated, there being about 110 equi- 
distant grooves. 

The anterior extremity was rounded, and slightly bent towards 
the ventral aspect. Just behind the anterior border there were 
four openings, the two foremost of which were close together, 
whilst the posterior pair were more widely separated. Irom each 
of these openings there protruded a yellowish coloured, smooth, 
common trunk, which branched into two curved and sharply-pointed 
hooks. The anterior branch in each case was smaller and less 
curved than the hinder one. The smaller (anterior) measured 
about 21o0u in length, and the larger about 250m. 

According to Diesing, the mouth is between the origins of the two 
hinder double hooks. 

No further details of the structure could be made out. Taking 
into consideration the host, and the locality from which it was 
collected, it appears that the nymph can be placed in the ‘ group’ 
Pentastomum gracilis. This name, according to Sambon (1922), 
has been applied to a number of immature linguatulids belonging 
to the genera Sebekia and Letperia, of the Sebekini division of the 
sub-family POROCEPHALINAE. 

The hooks in the present specimen were very similar to those 
figured by Sambon for the adult Letperta cincinalis from the Nile 
crocodile, and it is therefore considered that the nymph belongs to 
this species. 

T. SOUTHWELL. 
A. W. N, PILLERs, 
REFERENCE 
SampBon, L. W. (1922.) A synopsis of the family Linguatulidae. ‘Fl. Trop. Med. & Hyg., 25, 188. 
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I, INTRODUCTION 


The family HETEROPHYIDAE Odhner, and its individual members, 
have repeatedly attracted the notice of many writers. Zoologists 
have called attention to their peculiar anatomical structure, while 
medical men have studied these worms because some of them are 
parasites of man and domestic animals. 

In spite of a rather large literature, including several mono- 
graphs devoted to Heterophyidae, there still remain many obscure 
points in their anatomical structure, life-history and classification. 
In the present paper it is hoped to clear up the existing discrepancies 
on the basis of investigations on the Palestinian representatives of 
the Heterophyidae. 

Palestine proved to be rich in Heterophyidae, for fourteen 
members of this family have so far been found in the country. 
Nine of them have already been described by different authors, 
the remaining five proved to be new to science. 

It is of interest to point out that while six out of the nine known 
species have been found in neighbouring countries (Egypt and 
Italy), the other three, namely Monorchitrema tathuw Nishigori, 
Monorchitrema tathokw Nishigori, and Parascocotyle longa (Ransom) 
are described from the other hemisphere—the first two from 
Formosa, the last from Alaska. 

Material on which the present paper is based was collected from 
animals caught in Jerusalem, Tel Aviv, and the vicinity of Tiberias ; 
in addition animals, mainly dogs and cats, were infected experi- 
mentally and the life-history in the final host studied. 

Thus the intermediate hosts of the majority of these trematodes 
were detected. Investigations on the earlier stages of Heterophyidae 
have also been inaugurated but they require more time to be com- 
pleted and the results will be published later. 

The writer had the opportunity of using some cotype specimens 
generously sent to him by Dr. W. Arndt from the Berlin Museum, 
by Professor J. Ciurea from the University of Bucharest, by 
Dr. L. Szidat from the Kénigsberg Museum, and by Professor M. C. 
Hall and Dr. A. Hassall from the Bureau of Animal Industry, 
Washington. 

The author takes this opportunity to express his gratitude to 
all these gentlemen for their kindness. 
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II. GENERAL REMARKS ON THE LIFE CYCLE OF THE 
HETEROPHYIDAE 


The life-history of several species of Heterophyidae have already 
been studied by different authors. It was found that cercariae 
develop in snails. From the snail the cercaria reaches a fish, encysts 
in the organs of the latter and becomes a metacercaria: The latter 
after being swallowed by the final host gives rise to the adult worm, 
which parasitises the intestine. 

My experiments with Palestinian Heterophyidae confirmed this 
general course of development which appears to be constant and 
typical. I also convinced myself that the majority of species 
are not specific in their choice of hosts. The metacercariae of 
Heterophyidae may encyst in various fishes belonging not only to 
different genera but also to different families. Similarly many 
species of Heterophyidae are not particular in their choice of a final 
host as they may develop partially or completely in both mammals 
and birds. A certain degree of specificity regarding the final host 
has, however, been observed. Faust and Nishigori have already 
pointed out that the species of the genus Monorchitrema may 
develop in some final hosts only up to a certain degree, and are 
then passed out. In my experiments, the metacercariae escaped 
from their cysts in all laboratory animals, but while in some the full 
development occurred and the worms reached maturity, in others the 
Trematodes lived only a short time and passed out before reaching 
maturity. 

Further, even among the final hosts in which the worms can 
reach maturity, some are more suitable than others. In the more 
suitable hosts the parasites grow to a large size and produce many 
eggs, in the others the development is feeble and the worms are 
small. This phenomenon led the earlier investigators to misinterpret 
the specific characters of Heterophyidae and to consider one species 
as several according to the number of hosts in which it occurred. 
In my experiments the Heterophyidae developed in dogs better 
than in cats, in cats better than in rabbits. The same species found 
in mammals are in most instances better developed than in birds. 

As the development of Palestinian Heterophyidae is similar in 
all species, a detailed description is given only for Heterophyes 
heterophyes (Siebold), which may serve as a model. The cited 
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numbers of secondary hosts of particular species of Heterophyidae 
should not be considered as complete, as only few out of very 
numerous species of fishes occurring in Palestine were used for the 
experiments. 


III. GENERAL REMARKS ON THE CLASSIFICATION OF THE 
HETEROPHYIDAE 


HISTORY OF THE FAMILY 


The name Heterophyidae was given by Odhner (1914) to replace 
the former incorrect names Cotylogonimidae and Coenogonimidae. 
Odhner included in this family the genera which have been attributed 
to it by previous authors and several others the systematic position 
of which had been uncertain. The first attempt to gather all known 
species into a closed group was made by Ransom (1920), who gave 
a new modified diagnosis but divided the family only into genera, 
though the outlines of three sub-families had been already defined 
by previous authors. Ciurea was the first who defined the division 
of the Heterophyidae into sub-families. He differentiated the 
following five sub-families: Heterophyinae, Metagoniminae, Centro- 
cestinae, Apophallinae, and Cryptocotylinae, basing himself on the 
structure of the terminal portion of the genital ducts. Later Faust 
and Nishigori (1924) added a sixth sub-family—Monorchitreminae. 
Meanwhile, Nicoll (1923) included the sub-families Microphallinae and 
Gymnophallinae as well as some genera which up to this date have 
not been attributed to it. Poche (1926) added several more families 
and genera to the Heterophyidae. According to the latter author, 
whose contribution summarises all the present knowledge of 
Heterophyidae, this family should consist of very differently organized 
forms which deviate considerably from the type genus. 


STRUCTURE OF THE GENITAL PORE IN HETEROPHYIDAE 


A comparative study of the anatomical structure of various 
members of this family led me to the conclusion that the peculiarities 
and extent of this family require to be cleared up, the significance 
of some of its typical characters must be defined and some genera 
removed from it. The most typical character of Heterophyidae is 
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the structure of the terminal portion of the genital ducts and the 
genital aperture or so-called ‘ genital sucker.’ The term ‘ genital 
sucker’ is attributed by authors to rather dissimilar structures 
which should be differentiated. In the genus Helerophyes this 
organ is a large protrusible body which may be retracted into 
a sac-like hollow which appears to be the homologue of the genital 
sinus of other Trematodes. This complicated structure, unlike 
the ventral sucker, possesses no adhesive functions and therefore the 
term ‘ genital sucker’ seems to me to be a misnomer. I propose 
to name the protrusible body ‘ gonotyl,’ while the cavity into 
which it may be retracted should be called ‘ genital sac,’ as proposed 
by Yokogawa, 1913. (Fig. 7.) 

The genus Helerophyes is the only one of the family Heterophyidae 
which has a ventral sucker independent of the genital sac. In 
other genera the ventral sucker is more or less reduced or modified 
and included in the genital sac, together with the gonotyl, which is 
reduced proportionally to the development of the ventral sucker 
(‘Spharoider Koérper’ of Jagerskjdld). All these structures form 
together a peculiar organ for which the term ‘ ventro-genital 
sac’ is proposed. In some genera in which the well-developed 
gonotyl occupies the whole ventro-genital sac the ventral sucker 
may disappear completely (Stictodora, Monorchitrema, etc.). In 
other genera in which the ventral sucker is well developed the 
gonotyl is reduced to a comparatively small muscular tubercle 
(Pygidiopsis, etc.) or to two tubercles (A pophallus, etc.).* 

These tubercles have been observed by the earlier authors who 
called them ‘ lenticular shaped bodies,’ but their position has been 
misinterpreted. They are situated not on the ventral surface of 
the body, but inside the ventro-genital sac from which they may be 
occasionally protruded. 

While in the members of the genus Heterophyes the genital 
aperture is situated on the top of the gonotyl, in other genera it 
lies at the base of this organ. In the majority of species the gonotyl 
bears chitinous spines, plates, bars, etc., on its surface. 


* The Heterophyidae are not the only Trematodes with such a complicated genital sinus. 
Similar structures are also present in other groups of Trematodes, as for instance Micropballinae, 
Hemiuridae, Azygtidae, etc. 
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DIAGNOSIS OF THE FAMILY HETEROPHYIDAE Odhner. 


On the basis of material worked out in this paper together 
with previous literature the family Heterophyidae may be defined 
as follows : 

Small and very small forms. Pseudodermis covered with 
scale-like spines. The body is usually divided into two parts, 
one anterior flattened, free from genitalia and more motile than the 
posterior part which is oval or round in cross-section and contains 
the genital apparatus. The oral sucker may be provided with all 
or a part of the following structures: a contractile dorsal lip-like 
appendage, a posterior funnel-shaped appendage and rows of 
circumoral spines. 

Praepharynx and oesophagus vary in different genera and 
species. Pharynx always present. Intestinal caeca simple, of 
varying length. Ventral sucker, except in the genus Heterophyes, 
reduced and included in the modified genital sinus (‘ ventro-genital 
sac’) or even absent. 

The reproductive organs, except the vitellaria in some genera, 
are grouped in the posterior part of the body behind the level of the 
genital aperture which is generally situated near the middle of the 
body. Testes, two or one, globular or lobed: their situation 
varies in different genera. The cirrus pouch is absent. The seminal 
receptacle is voluminous and may be divided into several parts by 
constrictions. The terminal portion of the seminal vesicle may 
form a separate vesicle-shaped organ which is usually provided with 
chitinised walls ; the term ‘ expulsor ’ is proposed for this structure 
(in Heterophyes, Tocotrema, Diorchitrema, etc.). Ovary globular or 
slightly lobed and, except in Adleria, is situated in front of the 
testes. Mehlis’ gland present. Seminal receptacle well developed. 
Laurer’s canal usually reduced. The vitellaria are usually situated 
near the lateral or dorsal surface of the body and the degree of their 
development varies in different species. The uterus in most cases 
does not proceed anteriorly to the genital aperture. The latter, 
except in Heterophyes, opens on the inner wall of the ventro-genital 
sac, which is situated on the middle line or moved towards the 
lateral border of the body. Near the genital aperture a more or less 
developed gonotyl is often present. Eggs usually numerous with 
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thick shell 18 to 37m long. Excretory vesicle usually Y-shaped ; 
the length of the stem varies in different genera and it is either 
straight, S-shaped or divided into branches which may re-unite (as in 
Scaphanocephalus) ; the branches may be long, short or entirely 
absent (as in Galactosomum). 

Adults parasitise the intestines of mammals, birds, and rarely 
fish (Haplorchis). Metacercariae encysted in fish. Cercariae, 
as far as is known, develop in operculated molluscs. 

Type genus :—Heterophyes Cobbold, 1866. 


CONTENTS OF THE FAMILY. 


On this new interpretation of the family Heterophyidae the 
following sub-families and genera, which have been included in it by 
Nicoll and Poche, must now be excluded. 

The genera united in the sub-family Microphallinae Ward, 1901, 
do not belong to the Heterophyidae, since they lack a seminal 
receptacle and some of them are provided with a cirrus pouch. 

The species united in the sub-family Gymnophallinae Odhner, 1905, 
do not belong to the Heterophyidae because they lack a seminal 
receptacle. 

The genus Sigmapera Nicoll, in spite of its great resemblance to 
Heterophyidae, cannot be assigned to this family because of its 
well-developed cirrus pouch. 

The genus Nanophyetus Chapin (in Hall, 1927) is characterised 
by the presence of a well-developed cirrus pouch and does not 
possess a seminal receptacle (of this I convinced myself after 
examining the cotype specimens). It does not therefore belong to 
Heterophyidae. 

The genera Euryhelmis Poche, 1926, and Taphrogonymus Cohn, 
1904, are based on insufficient descriptions of their representatives 
and therefore there is no sufficient reason for including them in 
the Heterophyidae. 

The genera Parabascus Looss, 1907, and Cryptotrema Ozaki, 1926, 
certainly do not belong to Heterophyidae. 

The genus Paracoenogonimus Katsurada, 1914, appears to be 
a synonym of the genus Prohemistomum Odhner, 1919, or Cyathocotyle 
Mihling, 1896, which do not belong to Heterophyidae, 
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The genus Opisthometra Poche, 1926, belongs to Acanthochasmidae, 
but not to Heterophyidae. 

The genus Cladocystis Poche, 1926, should be relegated to the 
Opisthorchidae until the genital pore of its members is re-described. 

On the other hand, I include in Heterophyidae the genus Stictodora 
Looss, 1899, for which Poche has created an unnecessary family 
Stictodoridae, relying on the incorrect description of Looss, and four 
new genera: Dexiogonimus, Diorchitrema, Cercanioides, and A dleria.* 

It is probable that some of the genera and sub-families which 
have been excluded from Heterophyidae in this paper will be assigned 
to the super-family Opisthorchoidea after further investigations. On 
the other hand, it is very probable that many known species which 
are at present included in other systematic groups will, after correct 
re-description, be assigned to the Heterophyrdae. 


METHOD OF CLASSIFICATION. 


Since the above-mentioned genera are excluded from the 
family Heterophyidae, the remainder should be distributed in sub- 
families according to the method defined by Ciurea, i.e., according to 
the details of the structure of the genital pore. But this method 
has disadvantages, for in Heterophyidae, in contrast to other 
Trematode families, the position and the structure of the genital pore 
are very variable and proved to be valid only as generic characters. 
On Ciurea’s method one should create almost as many sub-families 
as there are genera. Not the most changeable, but on the.contrary, 
the most constant features should be taken as a basis for division 
into sub-families. 

On investigating the comparative anatomy of known genera of 
Heterophyidae it appeared that they may be readily arranged in 
homologous rows, according to the principle of taxonomical 
coefficients, which I have introduced for Cyclocoelidae (1926). 

The following complex of features was found useful for a sub- 
family coefficient, i.e., for characterising a sub-family. 

(1) The shape of the anterior part of the body (dilated or not). 


*The Heterophyidae appear to be most closely related to the Opisthorchidae Liihe and both 
form the nucleus of a new super-family Opisthorchotdea. They have a common scheme of anatomical 
structure, both in adults and cercariae, and similar life-histories. They differ from each other mainly 
in the structure of the terminal portion of the genital ducts and in that Heterophyidae parasitise 
the intestine while Opisthorchidae are found in the bile ducts of final hosts. 
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(2) The presence or absence of conspicuous spines round the oral 
aperture, and 

(3) The number of testes and their position in relation to the 
ovary (in front or behind it). 

The distribution of vitellaria may be regarded as a coefficient 
of a tribe, i.e., it serves to distinguish tribes. 

Various combinations of the following characters form a generic 
coefficient : (1) the arrangement of the genital glands; (2) the 
structure and position of the ventro-genital sac ; (3) the additional 
structures of the oral apparatus, and (4) where division into tribes 
is not indicated, the distribution of the vitellaria. 

All other peculiarities are specific characters. 

On this scheme all existing genera of Heterophyidae may be 
distributed among five sub-families: Heterophyinae Ciurea, 1924, 
Centrocestinae Looss, 1899, Cercarioidinae n. subf., Haplorchinae 
Pratt, 1902, and Adlertinae n. subf. These sub-families may be 
determined on the following key : 


A. Testes two: 


(1) the anterior part of the body very dilated ......... CERCARIOIDINAE 
(2) the anterior part of the body not dilated 
(a) circumoral spines present CENTROCESTINAE 
(6) circumoral spines absent HETEROPHYINAE 
B. One testis : 
(2) ovary im OF HAPLORCHINAE 


Every sub-family could be divided into two tribes, according to 
the distribution of the vitellaria. In some genera the vitellaria are 
confined to the region behind the level of the ovary, in others they 
extend anteriorly beyond the genital aperture. 

These features are observed in three of the five sub-families 
and they may therefore be considered as homologous. In the 
sub-family Heterophyinae, which has many genera, such a division 
may be useful, but in other sub-families, which contain comparatively 
few genera, division into tribes is not yet necessary. It is probable 
that when more genera are established, the division of all sub- 
families of Heterophyidae into tribes will be practical. 

As pointed out, the sub-family Heterophyinae is the richest in 
genera and in it one observes the most diverse combinations of 
features, which form the generic taxonomical coefficient, i.e., all 
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possible arrangements of the genital glands and various structures 
of the ventro-genital sac. 

The arrangement of the testes is the most noteworthy feature. 
One can recognise three main dispositions: (1) testes lying side 
by side, (2) obliquely to the long axis of the body, and (3) almost 
along this axis. In addition, they may be situated at the posterior 
extremity of the body or removed anteriorly ; thus six dispositions 
of the testes exist. Each mode of arrangement of the testes may 
be represented by several genera which differ from each other in 
the position or structure of the ventro-genital sac and the distribution 
of the vitellaria. 

All the above six dispositions of the testes are possible in other 
sub-families, but actually only some of them have been found so far. 

If one arranges all the known genera of Heterophyidae in a table 
in which those belonging to one sub-family are placed in longitudinal 
rows and each space in the transverse direction corresponds to 
a definite disposition of the testes, one receives a table of homologous 
rows, in which the parallelism in the development of the features 
in different sub-families of Heterophyidae is clearly seen. (See Table I.) 

Many empty squares remain in this table—they wait for still 
undescribed genera, the main features of which can easily be foretold. 


LisT OF SPECIES 


In the following list all species of Heterophyidae are arranged 
according to the new classification. (*—Denotes those found in 
Palestine.) 

A. Heterophyinae Ciurea, 1924 


(a) Heterophyea n. tr. 


I. Diuorchitrema n. gen. 
*(1) D. pseudocirrata n. sp. 


II. Desxiogonimus n. gen. 
*(2) D. ciureanus n. sp. 


III. Heterophyes Cobbold, 1866 
*(3) H. aequalis Looss, 1902 
*(4) H. dispar Looss, 1902 
*(5) H. heterophyes (Siebold, 1852) 
(6) H. nocens Onji, 1915 
IV. Metagonimus Katsurada, 1912 
(7) M. romanicus (Ciurea, 1915) 
(8) M. yokogawai (Katsurada, 1912) 
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V. Stictodora Looss, 1899 
*(9) S. sawakinensis Looss, 1899 


VI. Galactosomum Looss, 18 
(10) G. lacteum (Jagerskjold, 1896) 
(11) G. erinaceum (Poirier, 1886) 

VIL. Microlistrum Braun, 1901 
(12) Al. cochlear (Diesing, 1850) 
(13) A. cochleariforme (Rudolphi, 1819) 
(14) A. semifuscum (Olsson, 1876) 
(15) JAZ. spinetum (Braun, 1901) 

(b) Cryptocotylea n. tr. 


VIII. Cryptocotyle Lithe, 1899 
(16) C. concavum (Creplin, 1825) 
(17) C. cryptocotyloides (Issaitshikoff, 1923) 
(18) C. quinqueangulare (Skrjabin, 1923) 
IX. Tocotrema Looss, 1899 
(19) T.(?) echinata (Linstow, 1878) 
(20) T. jejunum Nicoll, 1907 
(21) I. lingua (Creplin, 1825) 
X. Rossicotrema Skrjabin, 1919 
(22) R. donicum Skrjabin, 1919 
XI. Apophallus Lihe, 1909 
(23) A. miihlingt (Jagerskjold, 1899) 


Centrocestinae Looss, 1899 


XII. Pygidiopsis Looss, 1907 
*(24) P. genata Looss, 1907 


XIII. Parascocotyle Stunkard and Haviland, 1924 
*(25) P. ascolonga n. sp. 
*(26) P. italica (Alessandrini, 1906) 
*(27) P. longa (Ransom, 1920) 
(28) P. minuta (Looss, 1899) 
(29) P. nana (Ransom, 1920) 
(30) P. pithecophagicola (Faust, 1920) 
XIV. Centrocestus Looss, 1899 
(31) C. cuspidatus Looss, 1899 


XV. Ascocotyle Looss, 1899 
(32) 4. coleostoma Looss, 1899 
(33) 4. agrense Travassos, 1916 


XVI. Stamnosoma ‘Tanabe, 1922 
(34) S. armatum ‘Tanabe, 1922 
(35) 8S. formosanum Nishigori, 1924 


Cercarioidinae n. subf. 


XVII. Cercarioides n. gen. 
*(36) C. abharonit n. sp. 

XVIII. Scaphanocephalus Jagerskjold, 1903 
(37) §S. australis Johnston, 1917 
(38) S. expansus (Creplin, 1842) 
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D. Haplorchinae Pratt, 1902 


XIX. Monorchitrema Nishigori, 1924 
*(39) M. Nishigori, 1924 
*(40) M. taihu: Nishigori, 1924 
XX. Haplorchis Looss, 1899 
(41) H. cahirinus (Looss, 1896) 
(42) H. pumilio (Looss, 1896) 
E. Adleriinae n. subf. 
XXI. Adleria n. gen. 


*(43) A. minutissima n. sp. 


IV. CLASSIFICATION AND LIFE HISTORY OF THE 
HETEROPHYIDAE 


Sub-family HETEROPHYINAE Ciurea, 1924. 


Diagnosis : Heterophyidae with more or less flattened body, more 
so anteriorly than posteriorly ; no dilation of the anterior extremity ; 
no circumoral spines ; two testes situated behind the other reproduc- 
tive organs. 

Type genus :—Heterophyes Cobbold, 1866. 


This sub-family may be divided into two tribes—Heterophyea and 
Cryptocotylea. 


Key to the genera of the sub-family HeTEROPHYINAE, 


A. ‘The vitellaria do not extend anteriorly beyond the level of the 


I. The testes are situated at the posterior extremity of the 
body : 
(a) the testes lie side by side: 
(1) the ventro-genital sac is situated near the 
middle line of the body ................2s000+-Diorchitrema, 
(2) the ventro-genital sac is situated near the 


(b) the testes lie obliquely to the axis of the body : 
(1) the ventral sucker is separated from the genital 
sac and lies at the middle line of the body... Heterophyes. 
(2) the ventral sucker is included in the ventro- 
genital sac near the right border of the 


II, The testes are removed towards the middle of the body : 


(a) the testes lie cbliquely: 

(1) the stem of the excretory bladder is §-shaped...Stictodora. 

(2) the stem of the excretory bladder is Y-shaped...Galactosomum 
(b) the testes lie one behind the other .....................MWicrolistrum. 
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B. The vitellaria extend anteriorly beyond the level of the genital 


Tribe 
I. The testes lie side by side; the shape of the body is 


II. The testes lie obliquely to the axis of the body which is 


oval or pyriform : 


(a) one gonoty] in the ventro-genital Tocotrema, 
(») there are two gonotyls guarding the entrance to the 
opening of the ventro-genital sac Rosstcotrema., 


III. The testes lie one behind the other; the body is very 
A pophallus, 


Tribe HETEROPHYEA nov. tr. 


Diagnosis : Heterophyinae in which the vitellaria do not extend 
anteriorly beyond the level of the ovary. 
Type genus :—Heterophyes Cobbold, 1866. 


Genus HETEROPHYES Cobbold, 1866. 
A. HISTORY OF THE GENUS. 


The genus Heterophyes Cobbold, 1866, is not only the first of the 
family Heterophyidae, but is also one of the first genera to be formed 
out of the mass of specific names of Trematoda, which were all 
included in the generic name Distoma until the end of the last century. 
It quickly attracted the attention of the investigators owing to a 
peculiarity of the genital apparatus characterised by the presence 
of a third so called ‘genital sucker’, which distinguished it from all 
hitherto known Trematoda. 

Although the literature concerning this genus and its represen- 
tatives is rather large, there exist few original works. Looss (1894 
and 1902) provided descriptions of Egyptian species, and Japanese 
authors (1915 and 1926) described two species from the Far East. 
For the rest authors contented themselves with quotations or slight 
modifications of the original descriptions. 

The first species of the genus Heterophyes was Distoma heterophyes 
Siebold, 1852, found in a man in Cairo during autopsy. This species 
has been subsequently referred to by several authors under the 
names: Distoma heterophyes hominis, Dicrocoelium heterophyes, 
Fasciola  heterophyes, Heterophyes aegyptiaca, Mesogonimus 
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heterophyes, Cenogonimus heterophyes, etc. In 1900 Stiles gave it as his 
opinion that according to the international rules of nomenclature, 
the correct name of this species should be Heterophyes heterophyes 
(Sieb., 1852), as the genus Heterophyes Cobbold, 1866, had been 
established with this species as type. 

The early descriptions of this species were short and very 
imperfect. The first attempt to give a detailed description with 
figures was by Looss (1894 and 1896). Looss described two species— 
Distoma heterophyes Sieb. from man, dog, cat, fox and Milvus 
aegyptius, and a new species Distoma fraternum from dog, cat and 
pelican. 

Later (1902), Looss published a revision of the genus Heterophyes 
in which he pointed out that in his earlier papers several species had 
been described under one name. Looss reclassified his material on 
a new basis and created six species and two sub-species out of the first 
two species: (1) H. fraternus (Looss, 1894) sens. str. from pelican, 
(2) H. tnops Looss, 1902, from pelican and Milvus aegyptius, 
(3) H. aequalis Looss, 1902, from dog and cat, (4) H. dispar Looss, 
1902, from dog and cat, (5) H. heterophyes (Sieb., 1852) from man, 
dog and cat, (6) H. pallidus Looss, 1902, from Milvus aegyptius, 
(7) H. heterophyes sentus Looss, 1902, from dog and cat, and 
(8) H. dispar limatus Looss, 1902, from cats. The first four were 
described in his first papers under the common name Distoma 
fraternum, and the last four—under the common name Distoma 
heterophyes. 

At the end of Looss’s paper there is a note by Braun, adding 
a ninth species to the genus Helerophyes, namely Cotylogonimus 
persicus from a Persian wolf. 

The genus Heterophyes was further enriched by two species from 
the Far East—H. nocens Onji, 1915, and H. katsuradat Ozaki and 
Azada, 1926. Thus, the number of species was raised to eleven. 

However, in some recent works dealing with this genus the 
opinion was expressed that some species may be invalid and that 
their number should be reduced. In comparing the results of my 
own studies with the literature, I came to the conclusion that only 
three out of the described species may be considered as valid, namely : 


1. H. heterophyes (Sieb.) 
2. H. dispar Looss 
3. H. aequalis Looss 
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H. nocens Onji requires further study to ascertain its validity, 


and the following are certainly not valid : 
(1) H. heterophyes sentus Looss ...... synonym of H. heterophyes (Sieb.) 


(6) H. dispar limatus Looss ........... dispar Looss 
(7) #H. katsuradai Ozaki and Azada... ,, nocens Onji. 


In my study I compared the data in the literature, particularly 
the paper of Looss (1902), the most important of all, with the results 
of investigations on my own material and some cotypes. Professor 
J. Giurea sent me a cotype of H. heterophyes obtained from Looss, 
Dr. L. Szidat sent the type specimen of Coenogonimus persicus and 
Dr. W. Arndt several bottles with Heterophyes species obtained from 
Looss. Unfortunately, the specimens from the Berlin Museum proved 
to be wrongly labelled and the collection could not, therefore, be 
used as a standard. 

Although I have not had all the types at my disposal, my studies 
had this advantage, not enjoyed by other authors including Looss, 
that I used not only material from naturally infected animals, but also 
material from experimentally infected ones. Thus I had occasion 
to investigate the development of features, which are the most 
important for the differentiation of species, whereas to Looss there 
were accessible some disconnected stages of these features. 

I propose the following new descriptions of species since I con- 
sider those of Looss to be based on an inevitably mistaken inter- 
pretation of characters. The diagnosis of the genus Heterophyes 
should also be re-defined. 


B. DIAGNOSIS OF THE GENUS HETEROPHYES COBBOLD. 


Heterophyinae : Body tongue or pear-shaped ; the praepharynx 
and oesophagus well marked ; the ventral sucker situated near the 
middle of the body alongside the genital sac ; the testes are placed 
slightly obliquely to the axis of the body; the ovary lies on the 
middle line in front of the testes ; the retort-like seminal receptacle 
lies behind the ovary ; the vitellaria lie behind the level of the ovary ; 
the uterus winds between the testes and the ventral sucker; the 
seminal vesicle is divided into three parts separated from each 
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other by constrictions or short tubules ; the third part which is the 
smallest and has thick walls is the expulsor ; the male and female 
ducts unite before the genital aperture into a short ductus herma- 
phroditicus which opens on the tip of the gonotyl; the latter is a 
protrusible body bordering on the ventral sucker on its left side and 
behind it ; when erected it has the shape of a mushroom standing 
on a wide and short leg ; at other times it is ring shaped ; the free 
border of the gonotyl is armed with a circlet of spines, or comb- 
shaped plates 25 to 87 in number, interrupted on the side adjacent 
to the ventral sucker ; the excretory bladder is generally Y-shaped 
with a short stem and branches ; it lies between the testes and the 
seminal receptacle; each branch receives a main vessel which is 
formed at the level of the oesophagus by the union of several smaller 
excretory ducts. 

The adults parasitise the small intestines of mammals and birds. 

The type species :—-Helerophyves heterophyes (Siebold, 1852). 


C. Lire HIstory OF THE MEMBERS OF THE GENUS HETEROPHYES. 


As has already been mentioned, one can at present distinguish 
four species of this genus: H. heterophyes (Siebold), H. dispar Looss, 
H. aequalis Looss, and H. nocens Onji, the latter being doubtful. 

The life history of the representatives of the genus Helerophyes 
has not yet been studied completely. Only a fragment is known, 
namely the development of the metacercariae of H. heterophyes 
in the dog, described by Khalil (1923) and that of H. nocens, described 
by Onji and Noshio (1915). 

According to these authors, the metacercariae both of the 
Egyptian and Japanese species are located in the muscles of fishes 
of the genus Mugil. Infection occurs when dogs are fed on these 
fishes. In short, the life history of the above species does not differ 
from that of species of allied genera of Heterophyidae hitherto 
described. 

As the work of Onji and Noshio was not accessible to me and the 
publication of Khalil bears the character of a short preliminary 
report, I made a series of experiments in order to investigate the full 
life history of the three species of the genus Heferophyes found in 
Palestine. The dissections of the street dogs and cats in Jerusalem 
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showed that species of the genus Heterophyes are their most common 
parasites. It was therefore concluded that their intermediate hosts 
must be sought in fish sold in the market. 

For the purpose of detecting which species of fish are carriers 
of the larvae I obtained young dogs which had been taken away 
from their mothers and brought up on milk and fed batches of these 
animals with different species of fish. Several dogs were left for 
control. After two weeks the dogs were sacrificed and examined. 
It was determined that each of the following eight species of 
fish, namely, Mugil cephalus, M. capito, M. auratus, Epinephelus 
enaeus, Tilapia simonis, Lichia amia, L. glauca, and Barbus canus, 
are carriers of all three species of metacercariae.—H. heterophvyes, 
H. dispar, and H. aequalts. 

Encysted metacercariae were found without exception in every 
specimen of mullet and usually in large number, irrespective of 
the size or age of the fish. In one instance over one thousand cysts 
were found in one gram of muscle of Alugil cephalus. In other 
species of fish the metacercariae are rare, and one, therefore, may 
conclude that the fishes of the genus Mugil are favourite hosts of the 
members of the genus Heterophyes. The cysts are distributed 
uniformly, chiefly in striped muscles, but also in heart muscle, 
connective and fatty tissue, while they were not found in the skin, 
eut walls, internal organs, fins, scales and gills. 

The cysts of the three species of Heterophyes are so similar 
morphologically, that it is impossible to differentiate them. They 
lie between the muscle fibres in the centre of a spindle-shaped mass 
of fat globules (fig, 1, c). The above formations are of different size, 
a feature probably depending on age. There is no pigmentation of the 
adhering tissue. The cyst itself, when examined through the lens on 
a dark background, appears white. The cysts are round or slightly 
oval and vary in size from 0°13-0°26 mm. — Every cyst is isolated 
from the surrounding fatty formation by a very thin homo- 
genous membrane originating from the tissue of the host. 

The wall of the cyst proper consists of a thick (0°004-0°012 mm.) 
fragile shell and a thin inner membrane (0‘001-0':002 mm.). The 
shell breaks readily under the coverglass, and the metacercaria is then 
delivered. On pressing the cyst the metacercaria often becomes 
entangled in the inner membrane, and becomes free only after 
further manipulation. 
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D. MORPHOLOGY OF THE METACERCARIAE. 


The metacercariae, like the cysts enclosing them, are very 
similar in all three species. Slight differences are found in the size 
and the internal anatomy. I shall confine myself to the description 
of metacercariae of Heterophyes heterophyes, which is very typical. 


Fic. t. Metacercariae of Heteraphyes heterophyes. 


The metacercaria, enclosed in the cyst is folded on itself (fig. 1, c) 
and continually moves round the centre of the cvst. The anterior 
part of the body is flattened, while the posterior one is round, and 
appears to be distended by the large excretory vesicle, which in some 
positions of the metacercaria occupies more than half of the cyst 
and has the appearance of a dark sac filled with very small refractile 
globules. 
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The larva, pressed out from the cyst is 0’21-0°40 mm. in length, 
moves slowly and shows large changes in shape (fig. 1,a@,5). It lives 
only for a few minutes. When fully stretched, it is tongue-shaped, 
when fully contracted it is only half as long as in the retracted state 
and is heart-shaped. The first three-fourths of the body are thickly 
covered with scale-like spines. Numerous small masses of dark 
brownish pigment are scattered under the body surface. 


Fic. 2. One day old Heterophyes beterophyes from the dog. 


In the living specimens one can make out only the suckers, 
gonotyl, pharynx and excretory vesicle, while in stained prepara- 
tions the early stages of the genital glands are also seen. 

The oral sucker measures 0°03-0°05 mm. ; praepharynx, 0°015- 
0°03I mm. ; pharynx, 0°028-0'031 mm. ; oesophagus, 0°05—-0°II mm. 
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Just behind the bifurcation the intestinal caeca are twice as wide 
as the oesophagus, but behind the ventral sucker they become much 
narrower ; they reach the stem of the excretory vesicle. (In the 
metacercaria of H. aequalis they extend only up to the testes.) 

The excretory vesicle is heart-shaped and occupies almost one- 
eighth of the body. 

The ventral sucker is situated between the middle and the 
posterior third of the body ; its diameter measures 0:03-0:04 mm., 
1.e., it is a little smaller than the oral sucker. 

The gonotyl adheres to the left side of the posterior half of the 
ventral sucker. It is always retracted and is about 0-02 mm. in 
diameter. A horse-shoe shaped row of thickly arranged minute 
spines is present in the middle of the gonotyl. 

The immature testes are spherical, about 0-03 mm. in diameter, 
being situated side by side in the posterior quarter of the body. 
They are usually covered by the excretory vesicle. The ovary is 
also spherical in shape, about 0-02 mm. in diameter and is situated 
on the middle line a little in front of the testes. 


I. DEVELOPMENT OF HETEROPHYES IN THE FINAL Host. 


By feeding dogs with fish containing metacercariae and sacrificing 
some of them on successive days, one can easily follow the growth 
of the parasites and the development of their organs. It appears 
that all three species of Heterophyes develop similarly. The features 
peculiar to each species become evident during the first seven days. 
Only the largest metacercariae which are probably the only ripe 
ones develop into adults. 

During the first two days after feeding, the anatomy of the young 
trematodes does not differ markedly from that of the metacercariae 
pressed out from cysts (fig 2). One day after the experimental feed 
they are already absent from the stomach and are found between the 
villi of the small intestine. Their posterior parts which are much 
thicker than the anterior ones project beyond the surface of the villi. 
It is not easy to detect them between the villi which they resemble in 
size and colour. I have found them under the microscope in scrapings 
of mucosa pressed between two glasses. The larvae are very motile 
and change their shape by contraction and extension (fig. 3). 
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After the end of the second day, the larvae already reach 
0°34—0°50 mm. in size. The excretory vesicle varies from Y-shaped 
to heart-shaped, according to the amount of distension. 

After the third day, the size of the body increases and there is 
a marked development of the inner organs. The amount of pigment 
decreases ; the testes, round or oval (0-06—0-08 mm.), often separated 
from each other by the distended excretory vesicle, are seen 
posteriorly ; in front of these the ovary is seen. The gonotyl 
in many specimens becomes protruded—probably a sign of the 
beginning fertilisation. The vitellaria begin to form. 


Vic. 3. Changes in shape during motion of two days old Heterophyes hetcropbyes. 


On the fifth day the trematode is up to 0-8 mm. in length, the 
testes, 0:06-0:12 mm. ; the ovary, 0:04-0:09 mm. In almost ro per 
cent. of worms one or two transparent eggs are seen in the initial 
portion of the uterus. 

On the sixth day the length of the body is between 0-8—1-1 mm. ; 
the testes, 0-I mm.; the ovary, 0:05-0:08 mm. ‘The vitellaria are 
already well developed and the pigment has almost disappeared. 
There are eggs in all specimens, their number varying from 2 to 50. 
The majority of the eggs are still transparent, only the oldest being 
yellowish. 

On the eighth day some specimens reach 1-3 mm.in length. The 
testes are 0-10-0'14 mm., the ovary 0:07-0:08 mm. The whole 
uterus is full of eggs which begin to escape; at this stage they can 
be detected in the faeces. The worms are more or less dark and are 
long enough to project beyond the surface of mucosa. They can be 
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seen with the naked eye and appear as small dark dots studding 
the surface of the mucosa. 

Iam not inclined to the view of Ciurea and Yokogawa, that young 
Heterophyidae are confined to the villi of the mucosa only for the 
first three days and afterwards escape into the lumen of the intestine. 
They are confined to the villi in their early stages, but even as adults 
the villi are theirnaturalhabitat. Their posterior ends project beyond 
the surface of the mucosa because of their larger size. The oral 
sucker is relatively smaller in adults than in the young stages and they 
tend to fall out easily and are, therefore, found in the intestinal 
contents. 

Mature specimens are found mostly in the middle part of intestines 
but they are sometimes found equally distributed throughout the 
whole length of the small intestine. 


I, JREMARKS ON THE MORPHOLOGY OF ADULTS. 


Looss, and authors who followed him, relied on certain characters 
to which they attributed specific significance, and on these characters 
they distinguished nine species and two sub-species. A careful study 
of hundreds of specimens belonging to three species, led me to the 
conclusion that most of these features depend on age, on merely 
individual peculiarities, or are due to fixation. The measurements 
of the body which Looss determined very carefully are only of 
relative importance. The living worms are very motile and, therefore 
the shape and size of their bodies depend on the amount of contraction 
at the moment of death. Worms which have been washed out from 
the intestine and allowed to die in cold water have a constant shape 
which does not change considerably on fixation in 70 per cent. alcohol. 
Material which is fixed alive in alcohol or formalin contracts, more 
so in formalin than in alcohol. 

The dead worms found in the intestine of animals some time 
after the death of the latter are almost always found to be extended. 

The shape of the internal organs, which are elastic, depends on the 
amount of contraction or extension of the worm (compare fig. 4 with 
fig. 5b). The enumeration of the vitelline follicles is also of limited 
importance for they vary in number and shape in every species. 

These data were used by the previous authors because they were 
considered of specific importance. Looss also considered the relation 
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between the sizes of suckers and the colour of eggs to be of great 
specific importance. In spite of the fact that in his preface (1902) 
he pointed out that the suckers grow with age, he gave very precise 
measurements for every species, and further, he differentiated his 
two subspecies (‘ formen’)—H. heterophyes sentus and H. dispar 
limatus on this character. 

A study of the developing worms show that Looss’s figures are 
irrelevant. Tor, in the very young Heterophyes heterophyes the oral 
sucker is the largest and the gonotyl is the smallest, while in the 
adults the conditions may be reversed. This is seen from the Table IT, 
made from a series of specimens obtained from dogs. 


‘Tasie If. 


Showing the relation between sizes of oral sucker, ventral sucker and gonotyl of a series of 
specimens of H. heterophyes from the dog. 


Length of the worm Oral sucker | Ventral sucker Gonotyl Remarks 
| 
mm. | mm. mm. mm. | 
| 0046 0046 0034 | 1 day old 
| 07046 0°056 0°068 | 3 days old 
0°83 0°093 | 4 days old 
0:065 0°133 | 6 days old 
1°39 0074 0°229 0°232 | 24 days old 
1°39 | 0-248 | 
1-98 ois 0°316 O°310 | 


The colour of eggs to which Looss ascribed a great importance 
is of no value for the differentiation of species. In every tube 
containing worms of the same age there are all gradations in the 
colour of eggs. which vary from almost transparent to dark brown. 

Specimens of Heterophyes heterophyes from Circaetus gallicus were 
exceptional in that they had almost colourless eggs, like those of 
Heterophyes pallidus Looss. It appears that the colour of the 
eggs does not depend on the species of the worm, but on its environ- 
ment.* 


* Barlow (1925) made the same observation for the eggs of Fasctolopsis buski. ‘This phenomenon 
must have attracted the attention of all workers in the course of examination of faeces for eggs of 
Trematodes and Nematodes. 
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G. MORPHOLOGY AND CLASSIFICATION OF THE SPECIES OF THE 
GENUS HETEROPHYES. 
Key to the Spectes. 


A. Less than 30 rodlets on the gonotyl : 


(1) the intestinal caeca end at the level of the 
part OF Ce H. acqualis \ooss 


(2) the intestinal caeca extend beyond the posterior 


B. Not less than 60 rodlets on the gonotyl : 
(1) not less than 62 rodlets on the gonotyl ; Near 


H. hetcrophyes (Sieb.) 
(2) not more than 60 rodlets on the gonotyl ; Far 


Heterophyes heterophyes (Siebold, 1852). 


(Figs. I-9). 

I found this species in the dog, cat, Palestinian fox and in 
experimentally-fed rabbit and Circaetus gallicus. It is the largest of 
the three species under consideration. The shape of the body in 
non-contracted specimens depends on the host, being almost pear- 
shaped in the dog and tongue-shaped in Circaetus gallicus and the cat. 
The posterior part of the body is round or oval in cross _ section, 
and is slightly motile while the anterior part which is thinned 
dorso-ventrally and convex dorsally, is very motile. 

The size depends on the host, worms of the same age being 
considerably smaller in the cat than in the dog. 

The minimum size of a 7 days old specimen is 0-6 by 0-2 mm., the 
maximum size is 2:7 X 0-g mm. in the dog and 1-3 by 0-3 mm. in the 
cat. The surface of the anterior two-thirds of the body is thickly 
covered with rows of scale-like spines, arranged diagonally. The 
spines are longest (up to 4.) at the level of the pharynx and become 
reduced in size posteriorly. The oral sucker is 0-05—0-18 mm., the 
ventral sucker 0-08—-0:34mm. in diameter. They vary according to 
the age of the worm. These variations are shown in Table II. The 
specimens from the cat have the ventral sucker comparatively a little 
smaller than those from the dog (fig. 5). In young specimens the 
ventral sucker lies on the boundary between the middle and posterior 
third of the body, in the adult it moves towards the middle of the 
body. 
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Fic. 4. Diagram of a moving 
specimen of Hetcrophyes heterophyes 
from a cat (the uterus not drawn). 


a b 


Fic. 5. Semi-diagrammatic outlines of two typical specimens of Heterophyes heterophyes : 
(a) from the dog, (4) from the cat, showing differences in shape. 
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The pharynx is oval, being 0:03-0:06 mm., the praepharynx 
0-03-0-'15 mm., oesophagus 0-08-0-43 mm. in length. The intestinal 
bifurcation lies on the boundary between the anterior and the middle 
thirds of the body. The caeca are widest at the level of the ventral 
sucker and are half as wide at the bifurcation and at the ends. They 
reach the extremity of the body where they turn round behind the 
testes. One caecum is often a little shorter than the other. 

The testes are usually oval, but sometimes globular and are 
situated in the extreme hind part of the body. They lie usually at 
the same level, but the left testis is often situated a little anterior 
to the right one. Their long axes are not parallel but form an angle 
opening anteriorly. The right testis is usually somewhat larger 
than the left one, their diameter varies between 0-05 mm. and 
0-29 mm., according to size of the worm. The ovary is always 
globular in shape, 0-07—0-15 mm. in diameter and lies in the middle 
line in front of the testes. The testes and the ovary attain their 
maximum size within the first two weeks, and therefore in large and 
old specimens they appear relatively small. 

A retort-shaped seminal receptacle, varying in size according to 
the amount of distension with spermatozoa, lies behind the ovary. 
The Mehlis’ body (shell gland) is dorsal to the seminal receptacle. 

The vitellaria consist of two bunches of irregular pear-shaped 
follicles, scattered in the parenchyma under the ventral and lateral 
surfaces of the body between the levels of the testes and ovary. 

The vasa efferentia unite in front of the ovary and pass into two 
seminal vesicles, separated from each other by a short duct. The 
vesicles vary greatly in shape and size. The second seminal vesicle 
is connected by a short tubule with a small oval or pyriform expulsor. 

The ends of the male and female genital apparatus unite a short 
distance before the genital aperture, which is situated on the tip 
of the gonotyl. The gonotyl lies behind and on the left side of the 
ventral sucker, and is usually protruded. It has the shape of a 
mushroom and often overlaps a half of the ventral sucker (fig. 8). 
In flattened preparations it has the shape of a round or oval disc. 
The diameter varies between 0-11 and 0-31 mm., depending on the 
size of the worm and the degree of contraction. When protruded 
it may be sometimes larger than the ventral sucker, when retracted 
it is usually slightly smaller. The border of the gonotyl is armed 
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with a row of comb-shaped plates, interrupted only in the part in 
contact with the ventral sucker. The number of the plates is 73-87, 
their length 0-or2-0-018 mm. They lie in the derma and their 5—6 
sharp dents project outwards. When the gonotyl is retracted, the 
plates are also retracted and they then present the appearance of a 
horse-shoe, 


Fig. 6. Heterophyes heterophyes trom the dog, from a slightly distended specimen (flattened 
preparation). 


The uterus fills the whole free space between the testes and the 
ventral sucker and does not extend beyond these levels. The eggs 
are 0-023-0-027 mm. in length and 0-013-—0-015 mm. in breadth ; they 
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may be transparent, or show various degrees of brown staining. Their 
shell is thick and sometimes shows distinct ‘shoulders.’ The 
measurements given by Looss—0-030 by 0-017 mm.—-must _ be 
considered excessive. 


a b 


Fic. 7. Longitudinal section through ventral sucker and gonotyl of /Jeterophyes heterophyes 
showing : (a) the gonotyl protruded; (4) the gonotyl retracted. 


I consider the following names as synonyms of Helerophyes 
heterophyes : Heterophyes heterophyes sentus Looss, 1902, Heterophyes 
pallidus Looss, 1902, Heterophves fraternus Looss, 1902 and 
Heterophyes persicus (Braun) (other synonyms see in the reference 
list of the bibliography). 

H. heterophves sentus was found by Looss in cats and differs from 
the typical H. heterophyes in its somewhat smaller size and com- 
paratively smaller ventral sucker. This resembles H. heterophyes 
(Sieb.) which I have always obtained from experimental cats. As 
dogs infected from the same material always contained typical 
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H. heterophyes, one must come to the conclusion that both species 
are identical, though in the dog they reach a greater size than in the 
cat. 


Fic. 8. Ventral sucker and protruded gonotyl of Heterophyes heterophyes. 


Heterophyes pallidus, from Muilvus aegyptius, has been described 
by Lgoss in his earlier works, as Distoma heterophyes Sieb. In his 
paper of 1902, he created this species obviously on the principle that 
similar species, parasitising birds and mammals, should be considered 
as distinct. However, this principle cannot be applied to Hetero- 
phvidae, since a considerable number of representatives of this family 
are known to be able to parasitise both birds and mammals 
(Apophallus miihlingt, Pygidiopsis genata, Monorchitrema tathu, 
etc.). 

Heterophyes pallidus, according to the original description, differs 
from H. heterophyes only in having lighter eggs. The difference 
between these two species is even less than between H. heterophves 
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and H. heterophyes sentus. It is evident, therefore, that H. pallidus 
is not a valid species and must be considered a synonym of H. 
heterophyes. 

I found this ‘ species,’ i.e., H. heterophyes with almost unstained 
eggs in Circaetus gallicus. This bird was caught young in the vicinity 
of Jerusalem and lived in the laboratory for some months. It was 
fed on meat, but occasionally fish (/ugi/ sp.) was given to it. As 
no examination of its faeces was previously made, one cannot affirm 
that it was infected with its trematode parasites in captivity. 
However, the fact that H. heterophyes is found in Circaetus gallicus, 
confirms the view that H. pallidus Looss is a synonym of H. heterophyes 
(Sieb.). 

Among the material received from the Berlin Museum, there was a 
tube labelled Helerophyes pallidus Looss, from Alilvus aegyptius, 
No. 4592. This sample proved to be typical Heterophyes heterophyes 
(Sieb.). Nevertheless, I cannot stress this as some of the tubes 
of this same collection appeared to be evidently wrongly labelled. 

I consider H. fraternus as a synonym of H. heterophyes. The 
only description of this species is given in the paper of Looss published 
in 1902. In his earlier works he described under this name two 
different species—this and H. aequalis. The only drawing of this 
species given in Looss’s work of 1896, apparently also represents 
mixed features of these species, and, therefore, no conclusions can 
be drawn from it. In any case, it does not correspond to the descrip- 
tion given in 1902. In this description Looss pointed out that the 
anterior and posterior halves of the body do not differ in width, while 
on the drawing the body is distinctly pear-shaped ; according to the 
description, the ventral sucker is considerably larger than the oral 
sucker—on the drawing they are almost equal. 

On comparing Looss’s description with my material of Heterophyes 
heterophyes, it is impossible to find any difference between them. 1 
have had no type specimens. The tube from the Berlin collection 
labelled Heterophyes fraternus, No. 4591, proved to be identical with 
Heterophyes dispar Looss. 

| also consider H. persicus (Braun) to be a synonym of 
H. heterophyes. 1 studied the type specimen of Braun kindly sent 
to me by Dr. L. Szidat and found no difference from H. heterophyes. 
It was an extended adult, measuring 2:54 mm. in length and 
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resembling in shape H. heterophyes as found in the dog. I also 
investigated the cotype specimens of this ‘ species’ received from 
the Berlin Museum (No. 3935) and found them to be identical with 
the true H. heterophves. They have been abnormally extended and 
denuded of spines, a sign that their host died long before they were 
removed from the intestine. The most extended specimens reached 
3-8 mm. in length.* 

Thus man, dog, Persian wolf, Palestinian fox, cat, rabbit, 
Pelecanus onocrotalus, Milvus aegyptius and Circaetus gallicus are all 
hosts of H. heterophyes. The dog appears to be the most suitable 
host, for the development of the parasite proceeds best in this animal. 
It is probably the chief reservoir of H. heterophyes. 


Heterophyes nocens Onji, T1915. 


I retain H. nocens provisionally. Some authors (Lane, Leiper, 
I‘aust) definitely consider it to be a synonym of Helerophyes 
heterophyes. However, Ciurea does not agree with them but holds 
it to be a valid species, and, still more, is of opinion that all Heterophyes 
described from Japan as Heterophyes heterophyes should be considered 
Heterophyes nocens. 

On consulting the paper of Cort and Yokogawa, which contains 
the only description of this species in a European language, I came 
to the conclusion that the only feature that distinguishes this species 
from Heterophyes heterophyes is the number of rodlets on the gonotyl 
which in H. nocens does not exceed 60, but in H. heterophyes reaches 
75-87. All the other characters mentioned by Cort and Yokogawa 
are unreliable for diagnostic purposes. Professor J. Ciurea has been 
kind enough to send me a preparation of H. nocens, sent to him by 
Professor Cort. Unfortunately I was not able to count the number of 
rodlets on the gonotyl and I was not able to recognise any feature 
that would distinguish it from H. heterophyes. According to its 
general appearance, this specimen was markedly contracted (perhaps 
during fixation). Therefore, the intestinal bifurcation was drawn 
nearer to the ventral sucker whilst the gonotyl was retracted and 
a little smaller than the ventral sucker. The eggs in the above 


* In the same bottle I also found Heterophyes dispar Looss, H. aequalis Looss, Parascocotyle 
longa (Ransom), and Pygidiopsis genata Looss. 
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specimen measured 0-025 by 0-015, i.e., like those of Heterophyes 
heterophyes, and not in accordance with the original description 
(0-028 by 0-015). 

The second Japanese species, Heterophyes katsuradai, recently 
described by Ozaki and Azada, seems to be identical with H. nocens. 
In distinguishing this species, the authors did not take into con- 
sideration individual variations and the influence of fixation. Azada 
pointed out inter alia, that the ‘neck ”’ of H. katsuradai with included 
organs is much shorter than in other species of the same genus. The 
author loses sight of the fact that his preparations had been fixed 
in formalin and, therefore, it is not strange that they were strikingly 
contracted. The vitellaria in H. katsuradai unite in front of the testes, 
but they often do so in H. heterophyes. The eggs in H. katsuradat 
are said to be smaller and darker than in other species—if compared 
with my data, they are not smaller, and their colour is of no 
importance. | 


Heterophyes dispar Looss, 1902. 
(Figs. g and Io.) 


I found this species in dogs, cats, and experimentally infected 
rabbits, as well as in the sample of Trematoda received from the 
Berlin Museum and labelled Cotylogonimus persicus from Persian 
wolf. Its size is almost three-quarters that of H. heterophyes. 
This difference became more evident on dealing with adult specimens 
rather than with young ones. (It was easy to distinguish all three 
species of Heterophyes in material obtained from experimental 
animals infected by a single feed.) As in H. heterophyes, the worms 
from cats are always smaller and more slender than those from dogs. 
According to age and host, the length of this species varies between 
0-4-1:4, the breadth 0-2-0-4 mm. The specimens from the Persian 
wolf were abnormally extended and reached up to 2°1 mm. in length. 
The body is usually tongue-shaped or oval, the anterior part being 
thinned with the lateral edges somewhat bent inwards. The posterior 
part of the body is oval in cross section. Except for the posterior 
extremity the whole surface is covered with large scale-like spines, 
arranged in alternating rows. The spines are longest at the level 
of the intestinal bifurcation, becoming gradually smaller towards 
both ends and disappear entirely posteriorly. In young specimens 
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they are small and lie close to each other while in the adults they 
are separated by greater intervals than in H. heterophyes. 

In internal anatomy this species is very similar to H. heterophyes. 
It differs mainly in the relative sizes of the ventral sucker and the 
gonotyl and in the number of rodlets on the latter organ. 


—— 


Fic. 9. Heteropbyes dispar, adult specimen Fic. to. Young specimen of Heterophyes 
from the dog. dispar from the cat. 


In adult specimens the oral sucker reaches 0-03—0-08 mm., the 
ventral one 0:05-0:25 mm. in diameter ; the length of the praepharynx 
is 0:01-0:06 mm., of pharynx 0:03-0:04 mm., of oesophagus 
o-08-0.12 mm. The intestine is similar to that of H. heterophyes, 
i.e., the limbs arise from the oesophagus very wide and become twice 


pf 
: 
\\ 
4 
| 
| \ 
: 1 | lf \ 
| \\ Ag > EF 


165 


as thin behind the ventral sucker ; in the posterior end of the body 
they bend behind the testes. 

The globular or slightly oval testes are arranged almost side by 
side in the posterior part of the body, the left one being sometimes 
slightly in front of the other. The size of the left one is 0-04-0-15 by 
0:04-0:12 mm., of the right one 0-05—0-18 by 0:04-0:14 mm. The ovary 
is round, 0-03—0-09 mm. in diameter. A small bean-shaped seminal 
receptacle varying in size according to the degree of distension with 
spermatozoa lies behind the ovary. The Mehlis’ body lies usually to 
the right of the ovary. 

The vitellaria consist of two bunches of follicles of irregular 
elongated pyriform shape, scattered in the lateral fields of the 
parenchyma between the levels of the ovary and testes. 

The termination of the male genital ducts is typical of the genus, 
i.e., it consists of two seminal vesicles, separated from each other 
by a short constriction and from the small expulsor by a short duct. 

The uterus fills the whole free space between the testes and the 
ventral sucker. Its end unites with the ductus ejaculatorius just 
before the genital aperture to form a short common duct which opens 
on the tip of the gonotyl. The latter adheres to the left side of the 
hind part of the ventral sucker. Its diameter does not exceed half 
that of the ventral sucker. Its border bears a row of thin spines, 
25-30 in number, which is interrupted in the line of contact with the 
ventral sucker. Each spine is provided with two or three minute 
rodlets which are directed outwards. 

The oval thick-shelled eggs are not distinctly narrowed at one 
pole like those of H. heterophyes and they are usually stained brown. 
Their size is 0-02I-0-023 by 0-013—0-015 mm. 

Heterophyes dispar appears to be the only species which has no 
synonyms. I had Looss’s specimens of this species from the Berlin 
Museum at my disposal (No. 4591 and No. 4615), but they were 
wrongly labelled. Its hosts are dog, cat, Persian wolf and rabbit, 
but it may, like H. heterophyes, subsequently be found to parasitise 
other animals 
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Heterophyes aequalis Looss, 1902. 
(Fig. 11). 


I found this species in dog and cat as well as in the material from 
the Persian wolf. It is the smallest of the known species of the 
genus ; its size being 0:4—-0-9 by 0-2-0-4 mm. The body is pear- 
shaped or oval. The anterior part is somewhat flattened dorso- 
ventrally, while the posterior one is round in cross section. Except 
for the extreme hind part, the whole surface of the body is covered 
with scale-like spines, arranged thinly like those of H. dispar. 

The oral sucker is 0:04-0:06 mm. in breadth, the ventral one 
0:04-0:10 mm. Praepharynx 0:02-0:05 mm., pharynx 0:02-0:04 
mm., oesophagus 0-06-0-I1I mm. in length. 

The intestinal limbs are four to five times as wide as the 
oesophagus and their width is usually uniform. They reach the level 
of the testes and never proceed beyond them. 

The testes are nearly always globular and rather similar in size, 
measuring 0-05-0-II mm. indiameter. They lie almost side by side in 
the posterior end of the body. When small they are separated by 
the trunk of the excretory vesicle, when large they press against 
each other. 

The vasa efferentia open together into the hind seminal vesicle, 
the latter is separated by a short constriction from the second seminal 
vesicle which unites by a short tubule to the minute expulsor. The 
short but elastic ductus ejaculatorius unites with the mouth of the 
uterus to form a short common duct, opening on the tip of the gonoty]. 

The ovary lies on the middle line somewhat in front of the testes. 
It is globular, measuring 0:04-0:07 mm. in diameter. Behind it 
lies a small bean-shaped seminal receptacle. The vitellaria consist 
of about 10 to 16 large pear-shaped follicles, grouped radially round 
the ovary. They seldom extend anteriorly beyond the front of this 
organ or beyond the intestinal limbs. 

The uterus fills the whole space between the testes and the ventral 
sucker and opens into the common genital aperture. 

The gonotyl is usually protruded and has the appearance of a disc 
0:04-0:09 mm. in diameter, i.e., it is somewhat smaller than the. 
ventral sucker. Its border bears a circlet of 15 to 25 thin spines, 
interrupted at the point of contact with the ventral sucker. The 
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eggs are oval, 0-023-0:025 mm. long and 0-014-0-016 mm. wide, 
with thick shells stained yellow or brown. 

Looss also described Heterophyes inops from the pelican and 
Milvus aegyptius in the paper in which he described H. equalis. 
In comparing these two descriptions one is forced to the conclusion 
that they refer to one and the same species ; 25 to 35 spines on the 
gonotyl, caeca extending up to the anterior part of the testes, are 
their common and very characteristic features. All the remaining 


Fic. 11. Heterophyes aequalis, from the dog. 


differences such as the size of the body, of the suckers, etc., indicates 
rather the age or the degree of contraction of the worm, but cannot 
be considered as specific characters. 

It is evident that there are no anatomical differences between 
H. aequalis and H. inops but only difference in host such as exist 
between H. heterophyes and H. pallidus. Probably here, too, Looss 
distinguished these two species because one parasitises birds, and 
the second mammals. Thus there is no doubt that H. aequalis and 
H. inops refer to one and the same species. The question arises, 
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which of the two names is valid. I think that H. aequalis should 
be retained because under this name Looss described the parasites 
of carnivora, which are their main hosts, for in them they develop 
best. 

The dog, cat, Persian wolf, pelican and Milvus aegyptius should 
be considered as hosts of H. aequalis. 

In a tube from the Berlin collection, labelled No. 4614, there were 
three specimens of this species from a cat from Cairo. Their sizes 
are 0:34-0:49 by 0:17-0:18 mm. However, the glass No. 4615 labelled 
‘ Heterophyes inops Looss, Felis dom. Cairo’ proved to contain 
specimens of H. dispar Looss. (The label is obviously wrong because 
Looss recorded ‘ H. inops’ only from the pelican and Milvus aegyptius, 
but not from the cat.) 


H. OCCURRENCE OF HETEROPHYES SPECIES. 


After feeding dogs and cats with suitable fish I invariably found 
all the three above-described species of Heterophyes. Under natural 
conditions these species do not occur with equal frequency. In 
dogs in Jerusalem Heterophyes heterophyes is found in 70 per cent., 
H. dispar in 40 per cent., H. aequalts in 20 per cent., while in cats 
respectively 80 per cent., 40 per cent., and 30 percent. Cats are thus 
infected more frequently than dogs. This is explained by the fact 
that refuse bins are more accessible to cats than to dogs. 

In all cases of the occurrence of the representatives of the genus 
Heterophyes in the above mentioned animals H. heterophyes is always 
found to predominate. H. dispar never occurs alone, but only as 
accompanying the former, and in numbers not exceeding 5 per cent. 
H. aequalis again does not occur alone, but only in the presence 
of two former species, not exceeding 1 per cent. of the number of 
H. heterophyes. This correlation was found both in dogs and cats 
in experimental and in natural infections. All three species occur 
together only in heavy infections. The number of worms found in 
natural infections varies from a few to several thousands. In an 
experimental dog, fed several times with mullet, I counted over 13,000 
specimens of these parasites. 

There-is only scanty information as to the occurrence of H. 
heterophyes and the Japanese species in man. The former has been 
found several times in Egypt, while the eggs of the latter are common 
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in men (over 18 per cent.), in some districts of Japan. In Jaffa and 
Jerusalem the ova of Helerophyes are often found in faeces of man, 
examined in the laboratories of the Hadassah Medical Organisation. 
However, one must accept this date with reserve because other 
Heterophyrdae such as Dexogonimus, Monorchitrema, ete., possess 
eggs which are similar to those of Heterophyes and can easily be 
mistaken for them. These remarks apply particularly to Palestine, 
where fourteen species of Heterophyidae occur. 


Below, descriptions of other Palestinian Heterophyidae are 
given. Some of them have already been described by other authors 
but my researches revealed some differences (often considerable) 
from the existing descriptions It is probably due to the mode 
of investigation and particularly to the method of fixation of the 
material. The following descriptions are based on the investigation 
partly of living material and partly of mounted preparations of 
specimens which were allowed to die in water and directly fixed 
in 70 per cent. alcohol. For elucidation of morphological details, 
serial sections were made. 

The life-history of each species is not given, for in all cases it 
resembles that of Heterophyes heterophyes. In all species the life- 
cycle of which has been studied experimentally, the metacercariae 
are similar in appearance; they are encysted in the muscles of 
fishes and the adults begin to lay eggs on the eighth day after the 
infecting feed. 


Genus Metagonimus Katsurada, 1912. 


Up to the present three species of the genus Metagonimus have 
been described: M. yokogawai (Katsurada, 1912), MW. romanicus 
(Ciurea, 1915), and M. dobrogiensis (Ciurea, 1915). Some authors 
presume that all these species are identical. I suggest that the 
two latter species are identical, for their original descriptions offer 
no sufficient grounds for separating them; the specific name 
M. romanicus should be retained for them. 

According to the original descriptions there exist some small 
differences in the structure of the ventro-genital sac of W. romanicus 
and M. yokogawai. It is probable that these species are identical, 
but further comparative study is necessary before this point can 
be settled. 
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Genus Dexiogonimus n. gen. 


This genus is closely related to the genus Metagonimus Katsurada 
from which it differs only in the position of the testes. The 
difference between these two genera might be compared to that 
between other genera of Heterophyidae, as for instance, A pophallus 
and Rossicotrema. 

Diagnosis : Heterophyinae.—Body rounded posteriorly, tapered 
anteriorly, anterior part may be slightly wider than the 
posterior one; praepharynx and oesophagus well marked; the 
ventral sucker is modified, having a tubule-like slit instead of 
a cavity and is included in the ventro-genital sac; the testes 
lie side by side at the posterior extremity of the body; the large 
globular seminal receptacle lies in front of the right testis; the 
ovary lies in front of the testes on the middle line ; the retort-like 
seminal vesicle may be divided by constrictions into several parts ; 
there is no expulsor; the vitellaria are situated behind the level 
of the ovary ; the uterine coils fill the free space between the levels 
of the testes and the ventro-genital sac and do not extend beyond 
these organs; the ventro-genital sac is situated near the border 
of the body, its opening being guarded by small muscular papillae ; 
the excretory vesicle is Y-shaped with the stem as short as the 
branches. The adults are parasites of birds and mammals. 

Type species :—D. ciureanus n. sp. 


Dexiogonimus ciureanus Nn. sp. 
(Figs. 12-17). 


This specific name is given in honour of Professor J. Ciurea, who 
has made valuable contributions to the knowledge of the 
Heterophyrdae. 

Dextogonimus ciureanus is frequently found in Palestinian dogs 
and cats, particularly in the neighbourhood of Lake Tiberias, where 
it is very common. I also found two specimens in an undetermined 
Larus sp. from the same locality. The second intermediate hosts 
are: Ttlapia simonis, T. galilea, Barbus canus, Discognathus sp., 
Mugil cephalus, M. capito, Lichia glauca, the first two being the 
main ones, 
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The body of normal specimens has a peculiar typical shape 
somewhat resembling the sole of a foot, narrow posteriorly and 
wide anteriorly. The anterior and posterior parts are separated 
by a slight constriction. The specimens fixed alive in formalin, 
e.g., very contracted, are almost pentagonal. The specimens from 
Larus sp. were pear-shaped and were remarkable for their small size. 
As this fish-eating bird harboured only two specimens of 
Dextogonimus one may suppose that it is not a suitable host and 
that the Trematodes found were young specimens which would 
have been shortly passed out. 

The length of the body is 0-7-1-3 mm., the maximal breadth 
0-3-0-7 mm. The whole body, except the hindmost part, is thickly 
covered with spines, which are longest at the level of the intestinal 
bifurcation. The oral sucker is 0:05-0:09 mm. wide, the prae- 
pharynx 0:02-0:06 mm., the pharynx 0:03-0:05 mm., and the 
oesophagus 0:06-0:09 mm. long. 

The intestinal bifurcation is situated on the boundary between 
the first and second fourth of the body. The caeca are three times 
as wide as the oesophagus. From the bifurcation they pass obliquely 
towards the margins of the body, the right one turns in front of the 
ventro-genital sac, the left one some distance behind it, i.e., they 
are asymmetrical. ‘They both reach the level of the middle of the 
testes. 

The testes lie at the hind border of the body. They are globular 
or oval with the long axis horizontal, 0-og—0-18 mm. in diameter. 
When small they are separated by the stem of the secretory vesicle, 
when large they are adjacent. 

The ovary is globular, 0:07-0:13 mm. in diameter, and lies 
on the middle line in front of the testes, from which it is separated 
by some uterine coils. To the right and a little behind it lies the 
seminal receptacle, which varies in size, according to the amount of 
distension by spermatozoa. When fully distended it may be larger 
than the ovary. 

The vitellaria are situated at the margins of the body between 
the levels of the testes and the ovary. They consist of 15 to 30 small 
irregular follicles on each side. 

The uterus in ripe specimens fills the whole free space between 
the level of the testes and the genital aperture. Some distance 
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before the genital aperture it unites with the ejaculatory duct to 
form a hermaphroditic duct. 

The vasa efferentia open into a voluminous seminal vesicle 
0-3 mm. in length, variable in shape and often showing two or 
three constrictions. An ejaculatory duct arises from the seminal 
vesicle and unites it with the uterus. 


lic. 12. Dexiogonimus ciureanus trom the Fic. 13. Dextogonimus ciureanus from the same 


dog, from a preparation fixed in alcohol. host as that of Fig. 12, after fixation in formalin. 


There is no expulsor. The prostatic cells form a mass at the 
junction of the male and female ducts. The hermaphroditic duct 
formed by this junction opens on the median wall of the ventro- 
genital sac. The latter is situated near the right border of the 
body at the level of the junction of its first and middle third. It is 
an elongated depression directed somewhat obliquely to the axis 
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of the body and occupied by a large oval muscular body which is 
a modified ventral sucker. The latter may be completely retracted 
into the sac or its apex may protrude for a short distance. 


Fic. 14. Longitudinal section through the ventro-genital sac of Dexiogonimus ciureanus (semi- 
diagrammatic). 


An oval transversely muscular papilla projects from the median 
border of the ventro-genital sac closing its aperture. Another 
muscular papilla is present on the dorsal wall of the sac just behind 
the former. The genital aperture lies behind the dorsal papilla— 
a condition which appears similar to that found in Metagonimus 
yokogawai. Both papillae together may be considered as a peculiarly 
modified gonotyl. 

The eggs are oval with the anterior pole somewhat narrower 
than the posterior, their length is 0-:025-0-028 mm., their width 
0-015 mm. 

Genus Diorchitrema n. gen. 


Diagnosis : Heterophyinae—Body pear-shaped, the praepharynx 
and oesophagus well-marked ; globular ventral sucker included in 
the genital sac ; the testes lie side by side at the posterior extremity 
of the body; the ovary in front of the right testis; the globular 
seminal receptacle in front of the left testis ; the single small seminal 
vesicle is connected with a large expulsor; the vitellaria confined 
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behind the level of the ovary ; the uterine coils do not pass beyond 
the levels of the testes and ventro-genital sac. The ventro-genital 
sac 1s situated near the middle line and contains no gonotyl. Adults 
are parasites of mammals. 

Type species :—D. pseudocirrata n. sp. 


Diorchitrema pseudocirrata n. sp. 
(Fig. 15). 


The representatives of this species are rare parasites of dogs 
and cats in Palestine. Their second intermediate hosts are fishes 
of the genus Mugil. They are small worms, reaching 0-3—-0-6 mm. 
in length and 0-2-0-3 mm. in breadth. The body is almost round 
in cross section, the anterior portion being narrower than the posterior 
one. The whole body, except the most posterior part, is covered 
with small spines. 

The oval sucker is 0:04-0:05 mm. in diameter; the praepharynx 
is 0-OI-0:04 mm., the pharynx 0:03-0:04 mm., the oesophagus 
0:07-0:14 mm. in length. The intestinal bifurcation is situated in 
front of the middle of the body; the intestinal caeca are equal, 
some times thicker than the oesophagus and reach the anterior 
borders of the testes. 

The testes lie at the same level at the posterior border of the body. 
They are globular or slightly elongated and measure 0:06-0:12 mm. in 
diameter. When they are small they are separated from each other 
by the stem of Y-shaped excretory vesicle, but usually they are 
large and adjacent. 

The globular ovary, 0:03-0:05 mm. in diameter, lies in front of 
the testes to the right of the middle line. To the left and a little 
behind it lies the seminal receptacle, which, according to the amount 
of distension, may be larger or smaller than the ovary. 

The vitellaria consist of 20 to 40 large elongated follicles dispersed 
between the dorsal surface of the body and the testes. 

The vasa efferentia open into a small, usually globular seminal 
vesicle, 0-018—0:037 mm. in diameter, connected by a short tubule 
with the expulsor. The latter is oval and relatively very large, 
being 0:07-0:10 mm. long and 0:04-0:06 mm. wide, with very thick 
walls in which spiral fibres are clearly seen. It lies in the middle 
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portion of the body at the left side and is oblique to the long axis 
of the body. A short ejaculatory duct arises from the expulsor 
and unites with the end portion of the uterus. The junction of the 
uterus and ejaculatory duct is surrounded by a mass of prostatic 
cells. 


Fic. 15. Diorchitrema pseudocirrata, from the dog. 


The uterus in adult specimens fills the whole free space between 
the expulsor and testes. It joins the ejaculatory duct to form 
a short hermaphroditic duct opening into the genital aperture. 
The latter opens on the dorsal wall of the ventro-genital sac at the 
base of the small ventral sucker, 0:03-0:04 mm. in diameter. The 
ventro-genital sac lies to the left of the middle of the body. 

The eggs are oval, 0-018-0-021 mm. in length and 0-00g-0-012 in 
width. 
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Genus Stictodora Looss, 1899 


This genus was created by Looss for the species S. sawakinensts 
Looss, 1899 found in a sea-gull. Owing to the imperfect interpretation 
of the structure of the terminal portion of the male duct this genus 
could not be included in any group of Trematodes and for this 
reason Poche created for it a special family—Stictodoridae. 

Examination of a cotype received from the Berlin Museum 
(No. 4594) and the material obtained from Palestinian animals 
both infected naturally and experimentally proved its relation to 
the Heterophyinae. 

The diagnosis of the genus Séictodora may be modified as 
follows : Body elongated ; both praepharynx and oesophagus well 
marked ; ventral sucker absent ; the testes lie in the middle of the 
hind part of the body obliquely to its axis, the ovary in front of 
the right testis, the globular seminal receptacle between the testes ; 
the seminal vesicle consists of two parts divided by a constriction ; 
it unites with a small expulsor. The vitellaria are confined to the 
posterior third of the body; the uterus coils between the genital 
aperture and the posterior extremity of the body ; the genital sac is 
filled by a large protrusible gonotyl armed with spine-like plates ; 
the genital aperture opens at the base of the gonotyl; the excretory 
duct is Y-shaped with the stem as short as the branches. Adults 
parasitise mammals and birds. 

Type species :—S. sawakinensis Looss, 1899. 


Stictodora sawakinensis Looss, 1899. 
(Figs. 16-18). 


Looss found this species in a Larus sp. and referred it to the 
family Monostomidae. In his description he reported the presence 
of a cirrus pouch, containing a small pars prostatica, ejaculatory 
duct and a thick armed (spinous) cirrus. Looss mistook the 
peculiarly constructed ventro-genital sac of this Trematode for the 
cirrus pouch. 

Stictodora sawakinensis is found rarely in dogs and cats in 
Palestine and always in small numbers. I found it once in a bird— 
Puffinus kuhli, brought from Suez. The specimens of Stictodora 
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sawakinensis from the bird were considerably smaller than those 
from mammals. 

The second intermediary host of S. sawakinensis in Palestine are 
fishes of the genus J/ugil. 

Body oblong, in normal state of distension and divided by 
a slight constriction into two parts—a short and narrow anterior one 
and a longer and wider posterior one. 


i 


Fic. 18 


Tic. 16 


-Fic, 17 


Fic. 16. Stictodora sawakinensis, from the dog. 
Fic. 17. Stictodora sawakinensis, from Puffinus kubli. 
Fig. 18. The gonotyl of Stictodora sawakinensis in the state of erection. 


The anterior part is flat and concave like a spoon, while the 
posterior one is oval in cross section. The very contracted specimens 
are pear-shaped, with both extremities rounded, distended specimens 
are tongue-shaped. 
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The length of the body is 0-6-1-4 mm., the maximum width 
0-2-0:'¢ mm. ‘The oral sucker is 0:05-0:07 mm, in diameter, the 
praepharynx 0:04-0:09 mm., the pharynx 0:04-0:06 mm., the 
oesophagus 0-04—0-08 mm. in length. 

The intestinal bifurcation in contracted specimens lies on the 
boundary between the first and second fourths of the body. The 
caeca are as wide as the oesophagus, straight, and reach almost to 
the posterior extremity of the body. 

All the reproductive organs except the vitellaria are grouped 
in the third fourth of the body. The testes are round or trans- 
versely oval, 0-06—0-I0 mm. in cross section and lie at an angle to 
the middle line, the left one in front of the right one. Between 
them lies an almost round seminal receptacle of varying width. 
The ovary is round, 0:05-0:08 mm. in diameter and lies, in normal 
specimens, in front of the right testis, but in stretched out specimens 
it lies between the testes while the seminal receptacle is pressed 
behind the left testis. 

The vitellaria consist of rather small follicles arranged in trans- 
verse rows in the hind fourth of the body ; the largest follicles lie near 
the border, the smallest near the middle line. 

The vasa efferentia open into a large elongated and curved 
first seminal vesicle, which lies in front of the left testis. This 
vesicle is connected with a second smaller one, which is united by 
a short duct to a small expulsor from which the ejaculatory duct 
arises. 

The uterus after leaving the seminal receptacle proceeds by 
a winding course towards the hind extremity of the body along the 
right side, turns forward, passes to the left testis, proceeds between 
it and the seminal receptacle and reaches the genital aperture. 
A little before its termination it may dilate up to 0-07 mm. in width 
to form a small egg receptacle usually filled with eggs. 

The male and female ducts open side by side on the median wall 
of the genital sac. 

In total preparation the genital sac has the appearance of a ring 
0:04-0:07 mm. in diameter lying on the right side and a little in 
front of the middle of the body. The whole volume is occupied 
by a pear-shaped gonotyl which has a globular base and a cone- 
shaped retractile appendage. When contracted, the appendage is 
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totally withdrawn into the globular base, when extended it protrudes 
above the surface of the body in the form of an angular cone covered 
with six to ten longitudinal rows of triangular plates, 0-015 mm. long. 
There is no ventral sucker either in the genital sac or outside it. 

The eggs practically fill the whole posterior quarter of the body 
and are oval in shape with thick shells stained dark brown. Their 
length is 0-027—-0-030 mm., the breadth 0-015-0-017 mm. 

The excretory vesicle is Y-shaped, its branches being as long as 
the stem. The right branch is adjacent to the right testis. 


Genus Galactosomum Looss, 1899. 


Two species may be assigned to this genus, G. ertuacewm (Poirier, 
1886) and G. lacleum (Jagerskj6ld, 1896). Both are insufficiently 
described and it is not unlikely that when their descriptions will be 
complete they will find another position in the sub-family. As far 
as may be concluded from their actual descriptions, the genus 
Galactosomum is closely related to Stictodora and differs from it 
mainly in the structure of the excretory bladder which is S-shaped 
and not Y-shaped. 


Genus AMicrolistrum Braun, 


This genus was created by Braun to include three species : 
AM. cochlear (Diesing, 1850), AZ. cochleartforme (Rudolphi, 181g) and 
G. spinetum Braun, 1901. Braun has misinterpreted the structure 
of the copulatory apparatus of these species, and this was corrected 
by Odhner (1gro). The latter author pointed out the similarity of the 
genus Microlistrum Braun, with Galactosomum Looss, and expressed 
i supposition that these two genera may be identical. Meanwhile, 
these two genera must remain separated because of differences in the 
arrangement of the genital glands. 

According to Jagerskj6ld (1908), a fourth species may be added 
to this genus, Monostomum semifuscum Olsson, 1876. However, as 
the original description is insufficient and the types of this species 
are lost, a re-description of new material from the same host—Sula 
basana—is necessary to verify this point. 
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Tribe CRYPYTOCOTYLEA tr. 


Diagnosis:  Helerophyinae, in which the vitellaria extend 
anteriorly up to the level of the genital pore or beyond it. 

Type genus :—Cryptocotvle Liithe, 1899. 

Although the earlier authors have distinguished the sub-families 
Cryptocotyvlinae (Liihe, 1899), Tocotreminae (Looss, 1899), A pophallinae 
(Ciurea, 1924), which partly correspond to the tribe Cryptocotylea, 
the latter could not hitherto be created as incorrect criteria have 
been used for classification. 

The above sub-families were based on the details of the ventro- 
genital sac, while in fact characters of higher rank only must be used 
for making a sub-family. The creation of a sub-family for this 
group of Heterophyidae seems, however, to be previous. This step 
may be justified later, when many still undescribed forms will be 


revealed. 
Genus Cryplocotyle Liihe, 1899. 


The genus Cryplocotvle, 1899, was made almost at the same time 
as the genus Yocotrema Looss, 1899. Since the type species of 
both these genera are characterised by similarly constructed ventro- 
genital sacs, 1e., by similar characters used for generic identification, 
the name Yocolrema was suppressed in favour of Cryplocolyle by 
all later writers. 

According to my experience, the structure of the ventro-genital 
sac May unite into one genus only species in which other essential 
characters are similar. In the species designated as types for 
Cryptocotyle and Tocotrema essential differences exist in the arrange- 
ment of the testes and in the shape of the body, both these characters 
being correlated. Thus, these two species cannot be retained in 
one genus but must be separated, i.e., both Cryplocotyle and Tocotrema 
should be considered valid. 

The diagnosis of the genus Cryptocolyle may be modified as 
follows :— 

Heterophyinae. Body almost round or pentagonal, praepharynx 
short; oesophagus well developed; the rudimentary ventral 
sucker is included in the ventro-genital sac ; the testes lie side by 
side at the posterior margin of the body ; the ovary in front of the 
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right testis*; the seminal receptacle in front of the testes on the 
middle line ; the seminal vesicle (?) ; the vitellaria extend anteriorly 
beyond the level of the genital pore ; the uterus coils between the 
levels of the ovary and ventro-genital sac; the latter is situated 
near the middle of the body ; the excretory vesicle Y- or T-shaped, 
with short stem and branches. Adults parasitise mammals and 
birds. 
Type species :—C. concavum (Creplin, 1825). 


In addition to the type species two more species should be 
included in this genus—C. guinqueangulare (Skrjabin, 1923) and 
C. cryptocotyloides (Issaitschikoff, 1923). Both these species have 
been originally described under the generic name Ciureana Skrjabin, 
1923. The above genus was thought to differ from Cryptocotvle 
only in having bean-shaped eggs, a feature more marked in 
quingueangiare than in cryptocotyloides. Yhis feature must, 
however, be considered as not more than specific and therefore 
I consider the creation of the genus Cruveana to be unjustified. 

The existing three species of the genus Cryptocotvle may be 
determined according to the following key : 


A. "Testes lobed or serrated : 


C. concavum (Creplin, 1825) 
(Issaitschikoff, 1923) 


(Skrjabin, 1923) 


| had no representative of this genus in my collection and can 
therefore add no details concerning them. 


Genus Zocolrema (Looss, 1899). 


Diagnosis: Heterophyinae.——Vhe body elongated, oval or tongue- 
shaped; the praepharynx and oesophagus vary in length; the 
testes lie in the hind extremity of the body, obliquely to its 
axis ; the seminal receptacle in front of the right axis; the ovary 
in front of the seminal receptacle ; the seminal vesicle long and 
coiled, passes into an elongated expulsor; the vitellaria may reach 


*Several authors described the ovary as situated in other places but these assertions arc 
probably erroneous, 
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anteriorly up to the intestinal bifurcation; the uterine coils lie 
between the level of the ovary and the genital aperture ; the ventro- 
genital sac is situated on the middle line of the body, contains 
a conical gonotyl and on the dorsal wall a depression which may be 
regarded as a rudiment of the ventral sucker (?); the excretory 
vesicle is approximately Y-shaped, but the stem is long and curved 
like an S, while the right branch is somewhat shorter than the left one. 
Adults parasitic in mammals and birds. 

Type species :—T7. lingua (Creplin, 1825). 

Three species should be referred to the genus Tocotrema ; T. lingua 
(Creplin, 1825), 7. jejunum Nicoll, 1907, and 7. echinata (Linstow, 
1878), but I was not able to assure myself of the validity of the 
last two. I have not had the material for comparison but the 
specimens of 7. jejunum kindly sent to me by Professor Ciurea 
may be equally diagnosed as 7. lingua. 

The validity of 7. echinatum is problematical, as the original 
description is very inadequate. Liihe (1909) regarded it as belonging 
to the genus Cryptocotyle, but as its testes are arranged obliquely 
it cannot remain in that genus. Ciurea (1924) maintains that the 
specimens in America are distinct from the type and proposes for 
them a new name—Crvplocolyle americanum. As a_ justification 
for this emendation he records some insignificant differences from 
ZT. lingua, which may be due to the method of fixation, but are 
certainly not of specific importance, Further comparative study 
should clear up this confusion. 


Genus Rossicolrema Skrjabin, rg 19. 


The genus Rossicotrema was created by Skrjabin with R. donicum 
Skrjabin, 1919, as type. Ransom (1920), without taking into account 
the work of Skrjabin, published his new genus Cotvlophallus with 
two species—C. samilis and C. venustus. As Ciurea pointed out, 
these two genera are identical and the name Rossicolrema should be 
retained as valid. 

A study of the cotype specimens of Apophallus brevis Ransom, 
1920, kindly sent me by Professor J. Ciurea, showed that this species 
must also be regarded as a member of the genus Rossitcotrema. 
Thus, four species should be attributed to the above genus, 
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R. donicum Skrjabin, R. simile (Ransom), Rk. venustum (Ransom), 
and R. breve (Ransom). The detailed comparison of data in the 
literature shows, however, that the most essential differences 
between the species mentioned are only in the thickness and dis- 
tension of the vitellaria follicles. This feature cannot, of course, 
be acknowledged as important enough to decide on the validity 
of species, and therefore I hold all the above-mentioned specific 
names as synonyms of Fossicolrema donicum Skrjabin, 1919. 

The diagnosis of the genus Rosstcolfrema should be modified as 
follows :— 

Heterophyinae. Body oval, narrower anteriorly than posteriorly ; 
the praepharynx short, oesophagus long; ventral sucker included 
in the ventro-genital sac ; the testes lie at the posterior extremity 
of the body obliquely to its axis; the seminal receptacle lies in 
front of the right testis; the ovary in front of the seminal recep- 
tacle ; the seminal vesicle is composed of several (two or three) parts 
separated by constriction ; the vitellaria extend anteriorly almost 
up to the intestinal bifurcation ; the ventro-genital sac is situated 
on the middle line of the body and contains two small gonotyls arising 
at the sides of the genital aperture ; the excretory vesicle is Y-shaped 
with an S-like bent stem. The adults are parasitic in mammals and 
birds. 

Type species donicum Skrjabin, 


Genus A pophallus Lithe, 1909. 


Three species of this genus have been hitherto described : 
A, miihlingt (Jagerskj6ld 1899), A. brevis Ransom, 1920, and A. major 
Szidat, 1924. As previously shown, 4A. brevis is a synonym of 
Rossicotrema donicum Skrjabin. <A. major is a synonym of 
A, miihlingi, the size is the only difference between them. This 
feature depends .on the age of the worms and cannot be regarded 
as a character of specific importance. ‘The findings of Ciurea (1924) 
confirm this supposition : this writer found specimens of A. miihlingi 
smaller than the type specimens and larger than the specimens 
described by Dr. Szidat. Professor Ciurea and Dr. Szidat kindly 
sent me their specimens and I was thus able to recognise the identity 
of these two species. 


the 
| 
= 
= 
mom 


| 


184 


Among the specimens sent by Dr. Szidat there was one from 
acat. It is the first record of a natural infection with 4. miihlingi 
in a cat. This specimen is very small, and it is probable that cats 
are not suitable hosts for A. miihlingt. 

The diagnosis of the genus Apophallus should be modified as 
follows : 

Heterophyinae. Body very elongated; praepharynx short, 
oesophagus long; the globular ventral sucker is included in the 
ventro-genital sac ; the testes lie almost one behind the other in the 
posterior extremity of the body; in front of them lie the seminal 
receptacle and the ovary; the seminal vesicle is long and coiled 
and may be divided into several parts by constrictions; the 
vitellaria extend from the posterior extremity of the body up to the 
level of the genital opening or still farther anteriorly ; the uterine 
coils lie between the levels of the ovary and genital pore; the 
ventro-genital sac is situated on the middle line ; in addition to the 
ventral sucker it contains two tubercle-like gonotyls guarding the 
genital pore ; the excretory vesicle has a long S-like bent stem and 
short branches. Adults parasitise mammals and birds. 

Type specimen :—.1. miithling: (Jagerskj6ld, 1899). 


SUB-FAMILY CENTROCESTINAE L.ooss, 1899. 


Diagnosis: Helerophyidae—The body rounded posteriorly, 
tapering anteriorly ; oral aperture surrounded by more or less con- 
spicuous spines ; the oral sucker has, in some genera, an anterior 
lip-shaped appendage and a caudal conical appendage ;_ two testes 
situated posteriorly to other reproductive organs. 

Type genus:—Centrocestus Looss, 1899. 

This sub-family contains at present five genera which, similarly 
to Heterophyinae, might be divided into two tribes, i.e., according 
to the degree of development of the vitellaria. The number of 
genera is, however, too small to make the division necessary. The 
following is a key to the genera :— 


A, ‘The vitellaria do not extend anteriorly beyond the level 
of the ovary : 


(1) the caudal appendage of the oral sucker absent ...Pygidiopsis Looss, 1907 
(2) the caudal appendage of the oral sucker present ...Parascocotyle Stunkard 


and Haviland, 1924 
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Bb. ‘The vitellaria reach anteriorly up to the level of the 
genital aperture : 


(1) the caudal appendage of the oral sucker absent ...Centrocestus Looss, 1899, 
Stamnosoma ‘Tanabe, 
1922 
(2) the caudal appendage of the oral sucker present ....4scacotyle Looss, 1899 
It is seen that the genera Centrocestus and Sfamnosoma are not 
separated in this key. In fact the differences between them are so 
slight that they may be regarded as identical. If one compares 
the discussion of Faust and Nishigori (1926) on the validity of the 
genus Stamnosoma, and the diagnosis of S/amnosoma cited by Stiles 
and Hassall (1926) with the original description of Centrocestus, the 
conclusion is reached that the differences between these two genera 
are not of generic rank. I leave, however, the genus Sfamnosoma 
since [ was not able to examine the types or original descriptions. 
I had only the representatives of the genus Pygidiopsis and 
Parascocotyle at my disposal. 


Genus Pygidiopsis Looss, 1907. 

Diagnosis : Centrocestinae.—The pear-shaped body divided into 
an almost globular posterior part and a concave anterior part ; the 
oral sucker has no appendages; praepharynx long, oesophagus 
short ; the ventral sucker is included in the genital sac ;_ the testes 
lie at the posterior margin of the body, side by side ; the seminal 
vesicle, in front of the testes on the middle line ; the ovary, ventrally 
to the seminal receptacle ; the seminal vesicle may be divided in 
parts by constrictions ; the vitellaria are situated at sides of the 
testes ; the uterus coils between the levels of the ovary and the genital 
sac ; the ventro-genital sac is situated on the middle line and contains 
a small gonotyl in its left anterior angle ; the excretory vesicle is 
T-shaped with the branch equal to the stem. The adults parasitise 
mammals and birds. 

Type species :-—P. genata Looss, 1907. 


Pygidiopsis genata Looss, 1907. 
(Fig. 22). 
This species was found by Looss (1902) in the pelican in Egypt, 
by Ciurea (1924) in Rumania, in the dog by Faust in China and 
by Linton (1928) in the United States in Butorides virescens (see 
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Ascocolyle plana). 1 found this species among the Trematodes sent 
from the Berlin Museum (host, Persian wolf). 

In Palestine this species is a rare parasite of dogs and cats. The 
second intermediate hosts in Palestine are Tilapia galilea, T. nilotica, 
1. stmonts and Barbus cants. 


Tic. 22. Pygidiopsis genata, from the dog. 


The body consists of an almost globular posterior part and a 
flattened anterior one. Normally the worm is bent ventrally with 
the anterior part concave; when flattened it is pear-shaped or 
triangular. The length of mature worms is 0-4-0-7 mm., the 
breadth 0-2-0-4 mm. Except for the hind portion the whole body 
is covered with thick scale-like spines. Round the oral aperture 
there is a row of spines, 16 in number, which are twice as long as those 
of the integument and are only seen on fresh material. 

The oral sucker is oval or globular, 0:03-0:05 mm. wide and does 
not possess a_funnel-like appendage. The praepharynx is 
0:03-0:10 mm. long, and when contracted shows a bulb-like dilation 
posteriorly, The pharynx is 0:02-0:04 mm. long. The oesophagus 
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is short—0-03-0:06 mm. The caeca reach the level of the ovary 
and there turn somewhat dorsomedially. 

The testes are round or transversely oval, 0-06-0-14 mm. in 
diameter. They lhe side by side in the posterior extremity of the 
body. A large globular seminal receptacle, 0-07-0-14 mm. wide 
lies inmediately in front of the testes on the middle line of the body 
near its dorsal surface. A globular ovary 0-04-0-08 mm. in diameter 
lies a little to the right and ventrally to the seminal receptacle. 
Two seminal receptacles of varying sizes, separated from each other 
by a constriction, which may disappear on distension by spermatozoa, 
are situated on the left side of the body, in front of the seminal 
receptacle, one behind the other. The second vesicle is connected 
by an ejaculatory duct with the terminal portion of the uterus. 

The vitellaria are situated at the angles of the posterior extremity 
of the body and consist each of five to eight large pressed follicles 
arranged in single longitudinal rows. The uterus fills the free space 
between the testes and the ventro-genital sac and opens in the left 
angle of its anterior wall. 

The ventro-genital sac is situated at the middle of the body and is 
occupied by a globular ventral sucker 0-04 0-06 mm. in diameter. 
In the left angle of the ventro-genital sac near the genital aperture 
there is a small oval gonotyl, the so-called ‘ lenticular-shaped body ’ 
0-04-0-06 mm. in the long axis. In some cases the ventral sucker 
may partly protrude from the sac but the gonotyl is always covered 
by the dorsal border of the latter. 

The eggs are oval, 0-018-0-022 mm. long and 0-009—0-012 mm. 
wide and are provided with a conspicuous filament on the posterior 
pole. 


Genus Parascocotyle Stunkard, 1924. 


Up to the present five distinct species of this genus have been 
described. They have all been attributed by the earlier authors 
to the genus A scocotyle Looss. Stunkard and Haviland (1924) defined 
the generic peculiarities of Ascocotyle and showed that the type 
specimen of this genus 1. coleostoma (Looss) differs so markedly from 
other allied species that it appeared necessary to separate it from 
them. They therefore created the genus Parascocotyle for the 
remaining species. 
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In the genus lscocotyle there are two rows of circumoral spines 
and several coils of the uterus wind in front of the genital aperture, 
while in the genus Parascocotyle there is only one row of circumoral 
spines and the coils of the uterus confine themselves behind the 
genital aperture. Another essential difference between these two 
genera, Which Stunkard and Haviland did not point out, is the position 
of the vitellaria, which in Ascocotyle extend in front of the ventral 
sucker, while in Parascocolvle they do not pass anteriorly beyond the 
level of the ovary. 

[It should, however, be pointed out that, while the distinction 
of the genus Parascocolyle by Stunkard and Haviland is fully justified, 
the creation of the species Parascocotyle diminuta by these authors 
appears to be unnecessary. I consider P. diminiuta as a synonym 
of P. minuta (Looss), for the differences on which this species was 
established can be attributed to age or fixation and are not of specific 
value. 

Ciurea (1924) stated that in species encountered in America the 
ventral sucker is included in the genital sinus, while in others it 
lies on the ventral surface of the body, and on this basis all the species 
might be divided into two genera. This view is based on a mis- 
interpretation of the position of the ventral sucker, which has been 
wrongly described by previous authors as lying above the ventral 
surface of the body. Probably in all species of Parascocotyle the 
ventral sucker is included in the genital sac, at least in the majority 
of them, as I have had occasion to observe. 

Diagnosis : Centrocestinae.—Body pyriform; the dorsal wall 
of the oral sucker is provided with a contractile triangular lip-like 
appendage anteriorly and with a conical appendage posteriorly ; 
the oral aperture is surrounded by a single row of conspicuous spines ; 
praepharynx long, oesophagus short ; the ventral sucker is included 
in the genital sac ; the testes lie side by side at the posterior margin 
of the body ; the seminal receptacle in front of them on the middle 
line, the ovary in front of the right testis; the seminal vesicle is 
divided in parts by constrictions; there is no marked expulsor ; 
the vitellaria are situated at the sides of the testes ; the uterus coils 
between the testes and the genital opening; the ventro-genital 
sac is situated on the middle line and contains besides the globular 
or oval ventral sucker, one or two tubercle-like gonotyls, the surface 


at 
( 
| 
| 
| 
| 
j 
‘ 
| 
| 
3 | 
| 
| 
| 
| 
| 


aud 


189 


of which may bear chitinized bars; the excretory bladder is Y- or 
T shaped. Adults parasitise mammals and birds. 
Type species: P. minuta Looss, 1899. 


The following is a key to all known species of the genus 
Parascocotyle, including anew species P. ascolonga. P. pitheco phagicola 
(Faust, 1920), which is included in this key, is insufficiently described 
and requires further study for justifying its systematic position or 
even validity. 


A The caeca reach only up to the level of the ventral sucker : 


(a) adequately described species minuta (Looss) 
(2) insufficiently described species... es pithecophagicala 
(Faust) 


B. ‘The caeca reach the ovary or more posteriorly : 
(1) the vitellaria compact : 


(a) the appendix of the oral sucker reaches the 


DP. ascolonga sp. 
(4) the appendix of the oral sucker half as long as the 
(Allessandrini) 


(2) vitellaria divided into follicles : 
(a) the uterine coils entangled; one muscular 
papilla in front of the genital aperture ...... P. nana (Ransom) 


(4) the uterine coils have a transverse direction ; there 
are two muscular papillae in front of the 


Parascocotyle longa (Ransom, 1920). 
(igs. 23 and 24). 


This species which has hitherto been reported only from the 
Alaskan fox was frequently observed in Palestinian dogs and cats. 
I also found this species among other Heterophyidae in a bottle 
labelled ‘ Cotvlogonimus persicus from the Persian Wolf. (No. 3935).’ 
Braun, who examined this material, evidently overlooked specimens 
of P. longa. 

In dogs the worms occur mainly in the hindgut. 

The secondary hosts in Palestine are Mugil cephalus, M. capito, 
Lichia amia, Barbus cants. 

Parascocotyle longa is the largest species of the genus, the length 
reaching 0-5-1:2 mm., the width 0-3-0-4 mm. Normally the worms 
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are pear-shaped, elongated and concave ventrally. The body, except 
the posterior extremity, is covered with minute scale-like spines. 
The oral sucker has the appearance of a beaker 0-05—0-06 mm, 
wide with a funnel-like appendage (but not an empty sac, as thought 
by some authors). The praepharynx is 0-14-0-37 mm. long, passes 


Fic. 23. Parascocotyle longa, from the dog. 


ventrally to the caudal appendage of the oral sucker and reaches 
up to the end of the first third of the body, while the appendage 
extends for not more than two-thirds of this distance. The appendage 
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is generally bent like an § and is apparently non-contractile ; 
however, its configuration may vary in different specimens 
(compare figs. 23 and 24). 

The oral sucker is surrounded by a single row of 16 large spines, 
18-20 long. The dorsal border of the oral sucker projects 
as a triangular lip which is not apparent on contraction. The 
pharynx is 0-05—0-07 mm. long. The oesophagus is short and is not 
seen in very contracted specimens. The caeca reach up to the testes ; 
their ends bend slightly dorso-medially. 


Fie. 24. Uhe oral sucker of Parascocotyle longa, with a contracted lip and bent posterior appendage. 


The testes, 0-06-0:12 mm. in diameter, are round or oval trans- 
versely. Thev lie side by side at the posterior extremity of the body 
and when large they are contiguous. The globular ovary is 
0-04-0-08 mm. in diameter, and lies in front of the right testis and 
some distance from it. 

The large globular seminal receptacle lies on the middle line of 
the body just in front of the testes. A small Mehlis’ body is situated 
behind the seminal receptacle. The vitellaria are situated laterally 
to the testes. They consist of five to eight large globular follicles 
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arranged in single rows. The second follicle (counted backwards) 
is always very wide and extends internally beyond the others. 

The vasa efferentia open into the large seminal vesicle, which 
is D-shaped or consists of two vesicles separated from each other 
by aconstriction. The seminal vesicle lies in the left side of the body 
midway between the seminal receptacle and the ventro-genital sac. 
Irom the upper part of the seminal vesicle an ejaculatory duct arises 
which unites with the terminal portion of the uterus just before the 
genital opening. 

The uterus fills the whole free space between the level of the ovary 
and the genital opening. It makes five to eight transverse coils 
which pass from side to side of the body, and open on the dorsal wall 
of the ventro-genital sac. The latter is situated in the middle of the 
body in the centre of a conspicuous elevation. The sac is filled 
by the rudimentary oblong ventral-sucker, 0-04- 0-06 mm. in diameter, 
usually directed obliquely. In the anterior wall of the sac there is 
a transverse slit, in the middle of which the genital opening is situated, 
On each side of the genital opening there is a depression filled by 
a tubercle-like gonotyl 0-02—-0-04 mm. wide, of irregular shape. The 
gonotyls bear on their surface nine to twelve minute chitinous bars. 

The eggs are typical for the genus, 1.e., they are small, 0-018 by 
0-09 mm., almost transparent, with a thin shell and flat operculum. 


Parascocolyle tlalica (Alessandrini, 
(lig. 25). 

Four specimens of this species were found on one occasion in a 
dog in Jerusalem together with some specimens of Parascocotyle 
ascolonga and numerous specimens of Parascocotyle longa. 

The worms are pear-shaped, 0-7-0-8 mm. long and 0-2-0-3 mm. 
wide. Except the hindmost portion of the body the whole surface 
is covered with small scale-like spines. 

The oral sucker 0-06 mm. in diameter is beaker-shaped ; its dorsal 
wall bears a triangular retractile lip, which may disappear on con- 
traction, and behind a funnel-like appendage ending at the level 
of the middle of the oesophagus. The praepharynx is 0-0g-0-10 mm., 
pharynx 0-05 mm. and oesophagus 0:03-0:04 mm. long. 

The caeca are two to three times as wide as the oesophagus and 
reach the level of the ovary where they bend shghtly dorso-medially. 
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The testes are globular, 0-08 mm. wide, and lie side by side in the 
hindmost portion of the body. A large seminal receptacle lies in 
front of them in the middle line. The globular ovary 0-05—0-06 mm. 
in diameter lies on the right and a little in front of the seminal 
receptacle. The vitellaria are two solid masses of irregular outline 
lying along the lateral borders in the last quarter of the body. 


lic. 25: Parascocotyle ttalica, from the dog. 


The coils of the uterus fill the whole free space behind the genital 
aperture. ‘The vasa efferentia open into one of two large transversely 
oval united seminal vesicles situated between the seminal receptacle 
and the genital aperture. 
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The latter opens on the dorsal wall of the ventro-genital sac, 
between the base of the globular ventral sucker (0-05—0-06 mm. in 
diameter) and a small oval gonotyl. The oval eggs (0-org mm. 
long, 0-00g-0-010 mm. wide), are narrowed at the anterior pole, and 
have a thin shell. 

This species closely resembles P. mana (Ransom). The only 
essential difference between these two species lies in the arrangement 
of the vitellaria. In P. tfalica the latter form solid masses while in 
P. nana they are divided into follicles. I ascertained this difference 
on comparing my specimens with cotypes of P. nana, kindly sent 
me by Professor M. C. Hall. 


Parascocotyle ascolonga sp. 
(igs. 26-28). 


1 found this species in dogs and cats, usually in small numbers. 
Iexperimentally it was obtained by feeding dogs with Tilapia simonis, 
and T. galilea. 

The body is 0-5—0-7 mm, long, is spindle- or pear-shaped with the 
maximum breadth in the posterior extremity (0-1-0-3 mm. broad). 
xcept the hindmost part, the whole body is covered with small 
scale-like spines. 

The oral sucker has the shape of a beaker 0-04-0-07 mm. wide, 
bearing in front a retractile triangular lip and provided beneath with 
a long funnel-shaped solid appendix which reaches the anterior margin 
of the pharynx, and in contracted specimens may extend even beyond 
this. The oral aperture is surrounded by a single row of 16 large 
spines 0-018—0-022 mm. long. The praepharynx is 0-04 0-15 mm., 
pharynx 0-02-0-04 mm., oesophagus 0-009—0-018 mm. long. 

The intestinal caeca are of equal width and reach the level of the 
seminal receptacle, where they turn somewhat dorso-ventrally. 

The testes, 0-04-0-10 mm, in diameter are usually globular and lic 
side by side in the hind extremity of the body ; occasionally they are 
contiguous. A large seminal receptacle, the size of which depends 
on the amount of distension with spermatozoa lies in front of the 
testes on the middle line. The globular or transversely oval ovary, 
0-02—0-:06 mm. long and 0-06—0-07 mm. wide, lies a little in front and 
to the right of the seminal receptacle. The vitellaria appear as two 
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elongated masses lying along the border of the hind extremity of the 
body ; anteriorly they reach the level of the ovary. 

The vasa efferentia open into one of the two voluminous seminal 
vesicles which lic midway between the seminal receptacle and the 
ventro-genital sac. The ejaculatory duct, which arises from the 
second seminal vesicle, opens into the terminal portion of the uterus 
just before the genital aperture. 


Fic. 26. Parascocotyle ascolonga, from the dog. 


The tangled coils of the uterus fill the whole free space between 
the genital aperture and the testes and often extend behind the latter. 
The genital sac lies almost in the middle of the body. It is filled 
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by a round ventral sucker 0-04-0-05 mm. in diameter. On the left 
side of the anterior wall of the ventro-genital sac there is a slit at the 
bottom of which is situated a small tubercle bearing the genital 
aperture. Between it and the aperture of the slit lies a small oval 
gonotyl 0:02-0:03 mm. in long axis. This slit is contractile and when 
contracted, the gonotyl may be extruded. 
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lic. 27. ‘The contracted anterior extremity Fic. 28. 


Longitudinal section through the 
vf Parascocotyle ascolonga. 


anterior portion of Parascocotyle ascolonga 
(semi-diagrammiatic). 

The eggs are 0-018 mm. long, 0-oog mm. wide, with thin shells, 
somewhat narrowed anteriorly and with distinctly visible opercula. 

This species resembles P. nana (Ransom) on the one side and 
P. italica (Aless.) on the other. It differs from the first in the length 
of the appendix of the oral sucker, which always reaches up to the 
| pharynx, independently of the amount of contraction or distension, 
| but not up to the middle of the praepharynx, and in the arrangement 


of the vitellaria which are compact masses, and not divided into 
follicles. 
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Krom LP. ttalica (Aless.) it differs only in the character of the 
appendix of the oral sucker. I separated the latter two species 
only because I found no intermediate conditions in the specimens 
examined. In the four specimens of P. italica the appendix of the 
oral sucker was uniformly short while in all the specimens of 
P. ascolonga examined this‘appendix was found to reach the pharynx. 

I assume that the funnel-like appendix of the oral sucker in the 
representative of the genus Parascocotvle may change its position, 
but does not contract to any extent, and therefore its relative length 
may serve as a specific character. 


SuUB-FAMILY CERCARIOIDINALE subf. 


Diagnosis: Helerophyidae with flattened and markedly dilated 
anterior part of the body, without circumoral spines, with two testes 
situated behind the ovary. 

Type genus: Cercartotdes n. gen. 

Besides the type genus this family also contains the genus 
Scaphanocephalus Jagerskj6ld, 1903. The differences between these 
two genera are shown in the following table :— 


Cercartoides Scaphanocephalus 
| 
Shape of the dilation ... Inverted heart — Trregular with tolded edges 
| 
Oral sucker Large Small 
Position of the testes... ..» Removed from the posterior In the posterior extremity of the 
| extremity of the body body 


Position and extent of the | Posteriorly to the anterior Up to the intestinal bifurcation 
vitellaria | testis 
| 


Genus Cercartotdes n. gen. 


Diagnosis : Cercariotidinae.—Body elongated, divided into two 
distinctly separated parts : the anterior one flat heart-shaped and the 
posterior one spindle-shaped, oval in cross-section. Praepharynx 
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and oesophagus very short. ‘The testes lie in the middle of the 
posterior part of the body one belund the other. In front of them 
in the order named lie the ovary and the seminal vesicle. The 
vitellaria are scattered in the posterior part of the body, posteriorly 
to the ovary. The uterus fills the whole open space in the posterior 
part of the body. The ventro-genital sac lies in the middle of the 
constriction dividing the body. 
Type species :—C. ahavonti n. sp. 


Cercarioides aharonit n. sp. 
(Fig. 29). 

I found only one specimen of this species in Pufinus kuhli, caught 
near Suez. Its name is given in honour of Mr. J. Aharoni, the 
indefatigable ecologist of Palestine to whom I am indebted for the 
determination of the definite and intermediate hosts cited in this 
paper. 

The length of the whole body is 3-4 mm. The first third of the 
body is flattened and is heart-shaped with the base posterior. It 
is connected with the posterior spindle-shaped part of the body 
by a narrow constriction. The relation between the lengths of these 
two parts is 1:2. The anterior part is covered with long and thin 
spines, while the first half of the posterior part with much shorter 
but thicker spines. The end of the body is free from spines. 

The large oral sucker 0-38 mm. in diameter is situated ventrally 
on the anterior extremity. It is followed by the pharynx 0-14 mm. 
in diameter, which passes immediately into the intestine. The 
caeca first pass obliquely forward before reaching half-way to the 
edges of the body, turn towards the constriction and then become 
somewhat narrowed. They pass along the sides of the body up to 
o-43 mm. from its posterior extremity. 

The ventral sucker is probably included in a small ventro- 
venital sac, which is 0-05 mm. in diameter and lies on the middle 
of the constriction between the two parts of the body. 

The slightly lobed testes lie in the middle third of the body. 
The posterior testis, 0-38 mm. in diameter lies near the right caecum. 
The ovary is globular, 0-18 mm. in diameter and lies near the right 
caecum, midway between the anterior testis and the ventro-genital 
sac. Immediately behind it lies the Mehlis’ body. 

The vitellaria consist of many large follicles of irregular shape 
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scattered throughout the whole posterior part of the body, behind 
the ovary. 

The vasa efferentia flow into a wide vas deferens which opens 
into an oval first seminal vesicle measuring 0-15 by 0-og mm. ‘The 
latter opens into the second small seminal vesicle 0-04 mm. wide. 
Both vesicles lie between the ovary and the ventro-genital sac. 
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Fic. 29. Cercartoides aharonit, from Puffinus kuhli. 


The coiled uterus fills the whole free space of the posterior part 
of the body. The genital aperture was not well seen in the only 
mounted specimen, but seems to open into the ventro-genital sac. 
The course of the excretory bladder was not determined. The eggs 
are oval, 0-037 mm. long and 0.022 mm. wide. 
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Sub-family H4APLORCHINAE (Looss, 1899) Poche, 1926. 


This sub-family was created by Looss, under the incorrect name 
Haplorchiinae to contain the genera Haplorchis and Galactosomum. 
In the present paper the latter genus is assigned to the Heterophyinae 
and the genus .Wonorchitrema is included into the Haplorchinae. 
This sub-family is very near to the Heterophyinae and might be 
united with it but for the different number of testes. 

Diagnosis : Heterophyidae with flattened but not dilated anterior 
part of the body ; circumoral spines absent ; one testis ; the ovary 
and seminal receptacle situated in front of the testis. 

Type genus :—Haplorchts Looss, 1899. 


Genus Haplorchis Looss, 1899. 


I had no representatives of the genus Haplorchis at my disposal 
and therefore cannot have a clear view of its peculiarities, for it is 
highly probable that in 1899 Looss did not use the most essential 
characters for classification. I include this genus as the published 
figures of its members bear a close resemblance to the genus 
Monorchitrema, which belongs to the Helerophyidae. It is, however, 
highly possible that after the revision of the type-specimens these 
genera will prove identical and the genus Monorchitrema will fall 
into synonymy. 

Two species of the genus Haplorchis are known: H. cahirinus 
(LLooss, 1896) and H. pumilio (Looss, 1896). It is noteworthy that 
the first is the only species of Heterophyidae found in the adult stage 
as a parasite of fish. This circumstance leads to the supposition 
that H. cahirinus may belong to quite another family. 


Genus Monorchitrema Nishigori, 1924. 


Diagnosis: Haplorchinae.—Body oval or elongated; praepharynx 
absent, oesophagus long; ventral sucker absent; the testes lie 
at the posterior extremity of the body, the ovary in front of it ; 
seminal receptacle near the right border of the body ; the seminal 
vesicle consists of several parts ; an expulsor may be present ; the 
vitellaria lie in the posterior part of the body behind the level of the 
ovary ; the uterus coils at the sides of the testis and in front of it ; 
the genital sac is situated on the right side of the middle line and 
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contains a large gonotyl which bears on its surface chitinous rodlets 
or other armature ; the excretory vesicle is Y-shaped. The adults 
parasitise mammals and _ birds. 

Type species tathokwi Nishigori, 1924. 


Monorchitrema tathokur Nishigori, 192.4. 
(lig. 19). 


This species was discovered in Formosa as a parasite of a bird 
Nyeticorax nyeticorax. Experimentally it has been obtained by Faust 
and Nishigori in man, dog, cat and in small laboratory animals. 
The first intermediate host in Formosa proved to be a fresh-water 
snail Melania reiniana var. hidachiens, the second—12 species of 
fish of the families Cyprinidae, Siluridae and Colitidae. 

In Palestine this species is a rather rare parasite of dogs and 
cats and is seldom present in large numbers. I found it on one 
occasion together with \Jonorchitrema tathut and Dextogonimus 
ciurveanus ina Larus sp. caught near Lake Tiberias. I have obtained 
it experimentally in dogs and cats by feeding them with Barbus 
canus, Barbus longiceps, Tilapia stmonts, 7. galilea, T, nilotica, Mugil 
capito, 

It is probable that this species is a synonym of Haplorchis pumilio 
(Looss) but I have not had the possibility of determining this point. 

Although Faust and Nishigori (1926) gave a detailed description 
of this worm, I give it below again, for some details require further 
elucidation, 

The worms are elongated and have rounded extremities. The 
posterior part of the body is round in cross section, the anterior part 
is somewhat flattened. The length of the body is 0-4-0-7 mm., the 
maximum breadth o-1-0-3 mm. The whole surface of the body 
is covered with small scale-like spines. The oral sucker is 
0:04-0:05 mm. in diameter; the praepharynx is short, almost 
disappears on contraction and when distended reaches 0-03 mm. in 
length ; the pharynx is 0-02—0-04 mm., the oesophagus 0-08—-0-14 mm. 
long ; the intestinal bifurcation situated between the first and middle 
thirds of the body ; the caeca are three to four times as thick as the 
oesophagus, they narrow somewhat towards their ends and reach 
the boundary between the middle and the last third of the body. 
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The single large globular or long-oval testis is 0-07—-0-12 by 
0-05-0-10 mm. in diameter and lies in the hind part of the body ; just 
in front of it lies the globular ovary 0:03-0:06 mm. in diameter. 
To the right of the ovary lies the seminal receptacle, which varies in 
size. To the left and somewhat in front of the seminal receptacle 
lie two seminal vesicles separated from each. other by a short neck. 
The first is fairly small, the second large. The large vesicle 
is connected with a small expulsor and the latter gives rise to a short 
ejaculatory duct which unite with the end portion of the uterus. 


Fic. 19. onorchitrema tathokui, from the dog. 


The vitellaria are scattered under the dorsal surface of the body 
and consist of two united groups of large elongated follicles, 16 to 20 


in number. 


The uterus passes from the ovary to the left, bends round the 


testis, turns forward and after a sinuous course reaches the genital 
aperture, which opens in the median wall of the genital sac. The 
latter is situated dextrally to the middle of the body. It is occupied 
by a semi-circular gonotyl, which protrudes partly from the opening 
of the sac. This protruding part of the gonotyl forms the true 
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posterior and lateral border of the opening of the genital sac and 
bears on its surface a row of about 40 very minute spines. At the 
bottom of the sac there is a depression paved with large cells, clearly 
visible in total preparations as a darkly stained spot, which is 
apparently a rudiment of the ventral sucker. 

The eggs are 0:028-0-032 mm. long and 0-014-0-018 mm. wide, 
they often possess a minute filament on the posterior pole. 


Monorchitrema tathi Nishigori, 1924. 
(Figs. 20 and 21). 


This species was found in Formosa together with the one described 
above by feeding man and experimental animals with seven species 
of fish belonging to the families Cyprinidae, Siluridae and Colttidae. 
‘The first intermediate host of this species in Formosa is a snail JWelania 
oblique-granosa (Smith). 

In Palestine, mainly in the vicinity of the Lake Tiberias this 
species is not uncommon in dogs and eats. 1 found a few species 
on one occasion in Larus sp. near Lake Tiberias. The worms were 
smaller than those from carnivora. 

Ixperimentally I obtained it after feeding dogs with fish: 
Varicorhinus sp., Tilapia simonts, Barbus canis and Gambusta 
afinis. In the latter species the metacercariae were found in the 
muscles, under the skin, in the fins and tail, while in others only 
in muscle. 

This species is much larger than the previous one. They both 
frequently occur together but they can easily be distinguished by 
their sizes. 

The length of the body is 0-5-1-2 mm., the maximum breadth 
0-24-0'-4 mm. The normally distended specimens are elongated 
in shape, with the anterior part flattened and the posterior one oval 
in cross section. The contracted specimens are oval in shape. 
Almost the whole body is covered with small spines which are longest 
on the first third of the body, becoming smaller towards the posterior 
extremity. 

The oral sucker is 0-05-0-07 mm. in diameter. Praepharynx is 
seen only in very distended specimens in which it does not exceed 
0.018mm. ; pharynx 0:02-0:05 mm. in length. The long oesophagus, 
0:11-0:28 mm., is somewhat dilated posteriorly and reaches the 
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boundary between the first and the middle third of the body. The 
caeca are three to four times as wide as the oesophagus and reach 
the posterior extremity of the body. 

There is only one very large testis, 0-12—0-21 mm. in diameter, 


filling, in some specimens, the whole space of the posterior quarter 
of the body. 


It is round or oval with the long axis longitudinal. 


Vic. 20. Monorchitrema taibui, from the cat. 


In front of the testis lies a globular ovary 0-05-0-11 mm. in diameter, 
To the right of the ovary lies the seminal receptacle which may be 
smaller or larger than the ovary. 

The vasa efferentia open into the first small seminal vesicle which 
is separated by a constriction from second and larger one. From the 
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latter a short ejaculatory duct emerges and opens into the uterus 
some distance before the genital aperture. 

The uterus proceeds from the ovary to the left, bends along the 
border of the testis, proceeds to the end of the left caecum, turns 
back, bends round the testis up to the end of the right caecum turns 
back, and finally proceeds to the genital aperture. Its terminal 
portion may be distended, forming a small egg-receptacle. 


Vic. 21. Longitudinal section through the ventro-genital sac of Monorchitrema tathut. 


The genital sac is situated to the left of the middle of the body 
and is ring-shaped (0-08—o-12 mm. diameter). It is occupied by a 
large gonotyl, which, owing to a slit in its median border, is almost 
semi-circular. The surface of the gonotyl is peculiarly ornamented 
by 14 to 18 chitinous bars 0-014-0:028 mm. long, arranged like a 
fan. On the hind median angle of the gonotyl there are again four 
to six conspicuous spines directed backwards. Dorsally to the 
gonotyl, in the bottom of the genital sac there is a depression paved 
with a layer of flat cells, which is apparently the rudiment of the 
ventral sucker. 

The genital aperture opens on the median wall of the genital 
sac opposite to the slit of the gonotyl. 

The eggs are oval, 0-025—0:028 mm. long, 0-012-0-015 mm. wide. 
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SuB-FAMILY ADLERIINAFE NOV. SUBF. 


Diagnosis : Very small Heterophyidae with oval or spindle-shaped 
body round throughout its whole length, without circumoral spines, 
with a single testis situated anteriorly to the ovary and the seminal 
receptacle. 

Type genus: Adlerian. gen. 


Genus n. gen. 


This generic name is dedicated to Dr. S. Adler through whose 
efforts the Helminthological Laboratory was established in’ the 
Hebrew University. 

The diagnosis of this genus coincides with the diagnosis of the 
sub-family. As seen from the latter the anatomical structure of 
ldleria is an aberrant one when compared with other genera of 
Heterophyidae. 1 placed this genus among Helerophyidae because 
of the presence of a seminal receptacle, a seminal vesicle and a gonotyl. 


Adleria minutissima n. sp. 
(Figs. 30-33). 

This very interesting trematode is found rather rarely in 
Palestinian dogs and cats, usually in small numbers. I obtained 
large quantities of these worms by feeding dogs with fishes : 
Discognathus sp., Varicorhinus, sp. Barbus cants, Mugil cephalus, 
MI. capito. 

The parasites are distributed throughout the whole length of the 
intestine of its host, but are most numerous in the first parts. They 
penetrate deeply into the villi and can be washed out only after 
their death. They remain alive for some fifteen minutes in scrapings 
of the intestinal mucosa where they are motile and change their 
shape as shown in fig. 33. They live only for one to two minutes 
in water. 

These trematodes are very small, their length being 0-27-0-47 mm. 
their breadth 0-09-0-15 mm. The body is pear-shaped or spindle- 
shaped, round in cross section throughout its whole length. It is 
covered with thick spines which are absent only round the orai, 
genital and excretory apertures. 
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Ni. 30. Adleria minutissima, lateral view of an adult specimen with contracted oesophagus. 
Vic. ddleria minutissima, frontal view of a young specimen with distended oesophagus. 
Fic. 32. Adleria minutissima, gonotyl as scen from the side. 
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The oral sucker, 0-025-0-034 mm. wide, lies semi-ventrally. It 
is followed by the very contractile praepharynx, 0-015-0-050 mm. 
in length, which on contraction is three times shorter than when 
extended. During contraction it draws the caeca upwards. The 
pharynx is 0-025-0-031 mm., and the oesophagus 0-06-0-18 mm, 
long. The caeca are short ending in front of the middle of the body 
when the praepharynx is contracted, and behind it when it is 


Vic. 33. Changes in shape of Adlerta minutissima during the movement. 


extended. There is only one large oval testis 0-04-0-10 mm. in 
length, with the long axis longitudinal. — It lies just behind the middle 
of the body under its dorsal surface. Behind it lies a globular seminal 
receptacle 0-043-0-084 mm. in diameter. Ventrally to the testes 
and seminal receptacle lies a globular ovary 0-018-0-035 mm. in 
diameter. The latter is apparently reduced in adult specimens. 
In front of the testis, behind the intestinal bifurcation and the 
ventral surface of the body, lies a large globular first seminal vesicle 
0-056-0-068 mm. in diameter which is connected with a second much 
smaller vesicle lying ventrally or posteriorly to it. The latter is not 
always present. The follicles of the vitellaria are scattered under 
the dorsal surface of the posterior half of the body. 

The genital aperture opens into a genital sac 0-02r—0-028 mm. in 
diameter. The latter is filled by a globular gonotyl which bears four 
spines—two large ones 0-015—0-018 mm. in length and two half that 
size. These spines project above the surface of the body. 


ApLE 


Liles 


Apu 


| A 
| 
| 
| 
| 
| 
f 
| 
| 
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The uterine coils fill the whole free space behind the genital 
aperture and often make the investigation of the internal anatomy 
of the mounted preparations very difficult. 

The eggs are oval, 0-024 mm. in length and o0-012~-0-014 mm. 
in width, and possess thick shells. They are probably seldom passed 
because they were very rare in the stools of dogs even in very heavy 
experimental infections. 


V. REFERENCE LIST OF THE BIBLIOGRAPHY OF THE FAMILY 
HETEROPHYIDAE, INCLUDING ALL SPECIFIC, GENERIC, etc., 
NAMES, ALPHABETICALLY ARRANGED 


Text-books and other compilations are omitted, unless they 
contain original descriptions or observations. When the original 
was not available the quotations of other authors have been cited. 
In preparing the following list, the Index Catalogue of Stiles and 
Hassall (1908) was largely used. 


ABBREVIATIONS? 


Paust & N. == Faust and Nishigort. 
Pres, == Described in the present paper. 
Stiles & HL. == Stiles and Hassall. 


Stunkard & Stunkard and 


The figures before the colon indicate the year of the cited paper, 
those after it the page ; * indicates authors who have cleared up the 
synonymy ; ‘ Pres.’ indicates the present paper. = The hosts are 
referred only to those authors who first recorded them. 


Valid name Described as Author Host 
ADLERIA Pres. 
Adleria minutissima Adlerta minutisstma Pres. Kelis catus dom., Cans 


| familiaris metacercariae in 
Barbus canis, Varicorbinus 
| | sp., Discognathus sp., Mugil 
| | cephalus and M. capito. 
| 
| 


ADLERTINAE ADLERIINAE Pres. 


| 
| 
US 
=. 
| 


| 
| 
| 


| 
| 
| 


Valid name Described as 
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Host 


AroruaLits 


Apophallus mublingt Apophallus mublingt 


Apophallus mayor 


Distoma lingua 


Distoma mublingt 


Metorchis ocsophagolongus 


Tocotrema mublingt 


ArCOCOIYLE Ascocory e (s.1.) 


| 


| 


| AscocoryLe (s. str.) 


| Author 


Luhe, tyog: 62 
Odhner, 1914: 224 
Skrjabin, 1gtg: 13 
Ciurea, 1924: 18 
Ransom, 1920: 52y, 551-552 
Nicoll, 1924: 168 
Stunkard & 1924: 6 
Faust & N., 1926: gt 
Stiles & HL., 1926: gt 

Pres. 


Lithe, tyog: 62, fig. 53 
Odhner, 1914: 22 
| Ransom, 1920: 552, 554, fig. 20 
Kotlan, 1922 
Nicoll, 1923a: 168, 191 


Ciurea, 1924: 2, 4, 5, 10-12, 18, 
figs. 2, 7,8 

Stunkard & 2 

Szidat, 1924: 2, 3, 4 

Ruszkowski, 1925: 175 

Poche, 1926: 148 

Pres. 


Szidat, 1924: 2-4, figs. 2a-3 
*Pres. 


Muhling, 21-22 
Mihling, 18984: 29, fig. 16 
* Jagerskj6ld, 1899 5-7 
Szidat, 1924: 2 


Jagerskjold, : 7 
*Lithe, ryog: 62 


Katsurada, 304-310, figs. 


| 
| 
| 
| 
| 
| 1-6, 10-11 
| 

| 


Ciurea, 1924: 12 


Looss, 1899: 585 


Looss, 189g: 584-585, 556, O11 
Braun, 1902: 30 

Looss, 1902b: 441, S24, $32, 333 
Pratt, 1go2 : $88, 
Jagerskj6ld, 1903: 14 

Nicoll, 1907: 521 

Odhner, 1914: 224 

Skrjabin, t919: 13 

Ransom, 1920: 529, 561-562 
Nicoll, 1923a: 168 

Nicoll, 1923b: 239 

Ciurea, 1924: 17 

Dollfus, 1925: 192 

Faust & N., 1926: gI 


*Stunkard & IL, 1924: 2-3, 6-7 


Phalacrocorax carbo. Himas. 
topus himantopus, Coch leary 
cochlearius 

Larus argentatus cachinnay 
Pelecanus onocrotalus. Cay 
familtarts (exp.) mictacer- 
cariae in Blicca bjorcna 


ENTROCE 


I'elts catus dom, 


Larus fuscus 


Larus ridibundus 


Felis catus dom. ; metacercati 


° CENT ROU 
in Acerina cernua, Ahram 
brama, Lenctseus rutilus, lis 
idus, Blicca bjorcna 
Cent 


Valid 
fscocol yt 
{is 
| 
} 
| 
| 
| 
| | 
| 
| 
: | 
| 
| 
| 
| 
| Pres. 
q 


Valid name 


Ascocotyle agrense 


coleostoma 


CENTROCESTINAE 


CENTROCESTU: 


Ci 


ntrucestus euspidatus 


Described as 


Author 


Ascocotvle agrense 


| 
| -Ascocotvle coleostoma 


| Anotktostoma colcostoma 


| Distomum coleostomum 


Distomum colostomum | 


CENTRUCESTINAE 


PHAGICOLINAE 


| 


CENTROCESTUs 


Coentrocestus cuspidalus 


| Anotktostoma cuspidatum 


Travassos, 1916: 1-2 
Ransom, 1920: 262, 264 
Ciurea, 1924: 17 

Viana, 1924: 97, 157 
Stunkard & H., 1924: 3 


Looss, 1899 : 582, 585, byy 


Ransom, 1920: 562-563, fig. 3 


Ciurea, 1924: 14, 17 
Stunkard & HL, 1924: 3 
Poche, 1926: 148 

Pres. 


Stossich, 18ygb: 15 


Louss, 1896): 1ol-100, 154, figs. 


66-68 
Braun, 1gola: 34 


Vaullegeard, 1901: 143 
*Stiles & H., 1908: 176 


Looss, 1899: 586 

Pratt, 1go2: 886, Sy4 
Jagerskj6ld, 1903: 14 
Ciurea, 1924: 17 
Stunkard & 1g24: 6 
Viana, 1924: 157 
Dollfus, 1925: 192 
Stiles & H., 1926: 73, yt 
Pres. 


Faust, 1920: 631 
Poche, 1926: 153 
*Pres. 


Looss, 1899: 584, 536 
Braun, 1902: 30 

Pratt, 1902: $88, Sy4 
Jagerskjold, 1903: 14 
Nicoll, 1go7: 521 
Leiper, 1913@: 177 
Odhner, igi4: 24 
Skrjabin, 1919: 13 
Ransom, 1920: 529, 55y 
Nicoll, 19230: 240 
Ciurea, 1924: 17 
Stunkard & H., 1g24: 6 
Faust & N., 1926: g1 
Stiles & H., 1926: g1 
Pres. 


Louss, 534 


Ransom, 1920: 560-501, fig. 


Nicoll, 19236: 
Ciurea, 1924: 13-17 


Faust & N., 1926: g2, 121-122 


Pres. 


Stossich, 1899): 15 
*Looss, 1899: 582 


Llost 


Buiorides striata 


Pelecanus onocrotalus 


| 
| 
| 
| 
| 
| 
| 
! 
| 


Valid name 


CeHtroceslus uspidatus 


CERCARLOLDES 
Corcariotdes abarouil 
CERCARLOLDINAE 


CRYPTOCOTYLE 


Cryptocotyle concacum 


| 


Deseribed as 


Centrocestus cuspidatus 
Var. Caninus 


Distomum cuspidatum 


CERCARLOIDES 
Cercartotdes abarontt 
CERCARLOLDINAE 


Cryprocory ce (partin) 


CryPprocoryLe (s. str. 
CLUREANA 


PocorkeMA (partim) 


Cryptocotvle concacum 


| Author 


Leiper, 1g9t3a: 176-177, 1 fig. 
Ransom, 1920: 561 

Nicoll, 1923a: 246 

Ciurea, 1924: 17 

Faust & N., 1926: 121, 122, 124 
*Pres. 


Looss, 

64-05 
*Looss, 576, 581, 584 
Braun, 34 


I8gO:  y7-1ol, 


| Pres. 
Pres. 
Pres. 


Luhe, : 
L.ooss, 1900 607 
Lithe, 1goob : 
Braun, 6 
Braun, 1gola: 
Jagerskjéld, 
Pratt, 1go2: 
Luhe, 1gcg: 87 
Ransom, 1920: 527, 5 
Maplestone, 1922: 155 
Issaitschikoff, 1923: 1 
Nicoll, 1923@: 168 
Ciurea, 1924: 1, 18 
Stunkard & H., tg24: 6 
Faust & N., 1926: gt 
Stiles & H., 1926: go 
Poche, 1926: 147 


Nicoll, 
| Nicoll, 1gog: 483 
‘*Pres. 
| 
Skrjabin, 1923: 6 
Issaitschikoff, 1923: 
{*Pres. 


354 


sce TocorreMa (partim) 


Luhe, 539 
Fischoeder, 1903 : 
Nicoll, 1907 
Nicoll, 1909: 483, 484, figs. 22, 2 
Luhe, 190g: 87-88, fig. 71 
Ciurea, 1g15a: 446 

Nicoll, 
Ransom, 1920: 544, fig. 11 


545 


300 


figs 


Nicoll, 1923@: 168, 17y, 182, 184, 


1QT, 192, 193 
Issaitschikoff, 1923: 3-4, fig. 2 
Ciruca, 1924: 13, 18 


Issaitschikoff & Weinberg, 1926: 


4 


395-308 
Pres. 


Tost 


Valid nal 


Cants familtaris 


Milvus parasiticus 


Puffinus kubli 


Cryptuculvle 


juinquedng 


CRYPLOCOL 


Larus Ay pe rbore Mes. Colymbt 
nigricollis 
Metacercartae in 


platessa 


Nyroca fuligula, Oidemta nigh 


Felts catus dom. 
familiaris, Rattus norvegic: 
metacercariae Trach 
trachurus 


DEXIUGON 
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| 
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VLE col 
| 
| 
| 
| | 
| 
| | 
| | 
| 
| | 
| 
| 
| 
| 
| 
| | on, Ayypto atvle ¢ 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| | 
| 
| 
| | 
| 
| 
| 


Deseribed as 


Author 


Ilost 


CONCAVUM 


cryptocotyle cryptucoty- 


Cryplucolyle 
juinqueangulare 


CRYPLOCOLYLEA 


JEXIUGONIMUS 


Distoma concavum 


Tocotrema concacum 


Crvptocotyle 
loides 


cr Vplocoly- 


Ciurcana cry ptocotyloides 


Cryptocotyle 
quingueangulare 


CRYPTOCOTYLEA 


A pophallinac 


CryYPLOCOTY LINAE 


"POCOTREMINAE 


DEXIOGONIMUS 


Creplin, 1825 
Creplin, 1837: 310, 314, 318 
Dujardin, 1845: 448 

Creplin, 1846: 138, 141, 145, 146 
Diesing, 1850: 340-341 

Cobbold, 1860: 11 
Stossich, 18g2a: 158 
Kowalewski, 1895: 2 (35 
Braun, 1893a: 874-579 
Stossich, 18g8@ 10 
Stossich, 18985: 42 
Mihling, 18985: 4, 

$o-8 3, figs. 6, 20, 26 

*Luhe, r899: $39 
Jagerskjld, 189g 10, 12, 14, 16 
Jacoby, 18gg: 22- 
Looss, 18gg : 


1y-24, 27, 


23 
586 
Looss, 1g00 : 607 
Braun, 1g0o: 6 
Braun, 1golc: 564 


Looss, ISgg: 556 

Kowalewski, 1go2: 26 
JagerskjOld, 1903: 3,4, 5, 11, 13 
Pres. 


Issaitschikotl, 1g23: 1-4, figs. 
“Pree. 


i-3 


Pres. 


Ciureana quingucangulare) Skrjabin, tg23 4-0, fig. 


Issaitschikoff, 1923: 3, 4, fig. 4 
“Pres. 


| Pres. 

Ciurea, 17 

| Stunkard & IL, 1g24: 
Stiles & IL, 1926; 91 

|*Pres. 

| 

| Luhe, tgog: 86 

Ciurea, 18 

Stunkard & tg24: 15 

Stiles KIL, 1926: St, gt 


*Pres. 


Jagerskjold, 14 
| Nicoll, 1907: 483, 454 
| Poche, 1926: 147 
*Pres. 


| 
Pres. 
| 


45-47, 335 figs. 7,8 


Gavia stellata 


Colymbus cristatus, Alea torda, 
Anas hornschucht, Glaucton 
clangula, Clangula byemalis. 
Fuligula) marila, Melanitta 
fusca, AMergus  serrator, 
Verganser merganser 

Colymbus nigricollis 


Phalacrocoran artstotelss 


Colymbus arcticus 


Felis catus dom. 


\ alid 
Nanie = 
— 
| 
| 


Valid name Deseribed as 


Author 


Dertogontinus cturcanus  Dextogontmus ciuicanus 


Diorchitroma 
pscudoc 


Diorchitrenia 


pseudoctrrata 


ALACTOSOMLM GALACTOSOMUM 


Gala tusomuMm crilldceum Gulac 


Distoumum crtnaceum 


Guluctosomum lactcum Galactosomunmi lacteun 


Distomum bemiciclum 


Monostomum lacteum 


Pres. 


Pres. 


i OUSS, : O71 

Looss, 1go2: 512 

Pratt, 1902: $go. yt 
JagerskjOld, 1go8 : 316. 317 
Odhner, 1gio: 354, 356 
Pratt, 143-148 
Nicoll, 19234: 168 

Poche, 1926: 152 

Pres. 


Jagerskjold, 31 
Nicoll, 1g23a: 240, 244 


Pres. 


Poirier, 1886: 37, 38, fig. 6 
Braun, 1893: 643-570 
Monticelli, 1893 : 83,86, 105, 106. 
107 
Looss, 18gg: 
* JagerskjOld, 1go8 31 


N 


Looss, i8gg: 671 

Looss, 19025: 512 
JagerskjGld, 1go8 316-317 
Odhner, 1gto: 354-356 
Odhner, 181, 
Nicoll, 1915: 349, 354, 304 
Nicoll, 1g23a: 108, 179 


Pres. 


Molin, 1859: 82g, 83c 
Carus, 1885: 127 
Stossich, 1886: 43 
*Odhner, 1911: 186 
Poche, 1926: 152 
Pres. 


JagerskjOld, 1896: 1 
figs. 1-8, text-fig. 1 
Jagerskj6ld, 1899 : 15 
*Looss, 1899: 671 
Braun, 1899a: 724 
Jagerskj6ld, 1goo : 736 
*Braun, 1901la: 47 
Ward, 1go1r: 180 
McLaren, 1904: 583 
Jiigerskj6ld, 1908 : 316 


65, 107-177, 


| 


| 


Felts Calls 
familtaris, Larus 
cereariae Tila pi, 
galilea, Discogii 
Barbus cants, Mug 
M. capito and Lic), 


Felts catus dom.. 
familtaris metaces 
Mugil cephalus, AM. 


Delphinus delphi 


Phala Cu? ho 


Metacercariue 


Belone acts. 


Metacercariae in : 


dom. Cast 


apr! CHINA 
Hat 


214 
| 
| 
Pres. 
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Described as 


Author Host 


cahirinus 


pumilto 


HETEROPHYEA 


HETEROPHYE 


TTAPLORCHINAE 


TTAPLORCHTINAF 


NIONORCHITREMINAF 


TTaprorenis 


Haplorchis cabirinus 


Distomum cahtrinum 


Haplorchis pumilio 


Monostomum pumilio 


HFTEROPHYFA 


rTEROPHYES 


COENOGONIMUS 


Poche, 1926: 152 
Pres, 


Looss, 1899: 671 
*Poche, 1926: 15> 


Pratt, t902: Sg 
"Poche, 1926: 152 


Nishigori, 1924 
Faust & N., 1926: 124 
*Pres. 


Looss, 1899: 670, 671 

L.ooss, 1902b: 442, 512 

Pratt, 1902 : 890, g10 
McCallum, 1902: 636 
Poche, 1926: 152 
Pres. 

Looss, 1899: 671, Bagrus doemac 
Odhner, 1910: 35 

Pres. 


- - 
752-754, hig. 


Looss, 1896): 119-112, figs. $3.84 Bagrus haved 


*Looss, 1899: 752 


Looss, 
Pres. 


1899: 671, 753 


Looss, 896): 154-158, figs. 
106 Pelecanus 
*Looss, 89g: 670, 753 
Ciurea, 1924: 3 
Poche, 1926: 152 


onocrotalus, 


Pres. 


Cobbold, 1866: 6 

Stiles & H., 1900: 563 

L.ooss, 1902a: 886 

Looss, 1902b : 786, 805, 8o8, 824 
Odhner, tgt4: 244 

Skrjabin, r919: 13 

Ransom, 1920: 527, 529, 3}. 
Nicoll, 1923: 239 

Ciurea, 1924: 17 
Stunkard & 1924: 6 
Faust & N., 1926: 91 
Pres. 


Looss, 1899: 585, 586, 614 
Looss, 1900: 608 
Ofenheim, 1900: 183 
Jigerskj6ld, : 736 
Odhner, 1900: 21, 21 
Lithe, 55 
*Stiles & H., 1900: 563 


) 
2 


Valid name Described as 
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Author 


Host 


HleTFROPHYES COENOGONIMUS 


OGONIMUS 


Heterophyes aequalis ITeterophyes aequalis 


Distomum fraternum, 
partim 


Heterophyes inops 


HTeterophye dispar HHeterophyes dispar 


*p 


Braun, 1g01a: 56 
Braun, 33 
Braun, 1gotd : 
Looss, 1902a: 886 
Looss, 1902b: 832, 835 


Jigerskj6ld, 1903: To, 11, 13. 15 


Lithe, 1899: §38, 539 
Liihe, 1g00b: §55, 55 
Looss, 1900; 607 
Braun, 1900: 6 
Braun, 1900d: 56 


*Stiles & H., 1900: 56 


Braun, 1901: 334, 33 
Looss, 1902: 813, 833 
Pratt, 1902: 888 

Stunkard & H., 1924: 6 


Looss, 1902a: 888 

Hall & Wigdor, 1918 : 237 
Ransom, 1920: §31, §355 $36 
Skrjabin, 1923: 4 

Nicoll, 19234: 239, 245, 246 
Ciurea, 1924: 13, 17 

Pres. 


Looss, 1894a: 42-48, figs. 13-15 


Looss, 96h: 60-63, 108, 
156, figs. 36-37 
Sonsino, 1896): 314 
Muhling, 81-82 
Stossich, 18984: 42 
Looss, 1899: 535, $50, 
Jigerskj6ld, 1899: 12 
Lithe, 1899: 539 
Jacoby, 1899 : 


536 


res. 


Looss, 


Ransom, 1920: $35 
*Pres. 


Looss, 1902a: 888, 8go, Sot 
Hall & Wigdor, 1918 : 237 
Ransom, 1920: 536-537 
Skrjabin, 1923: 4 


Pres. 


‘$2, 


familiaris. 


Persian wolf; metacercaria 
Vugil cephalus, M. cay 


Ve auratus, 


enaeus, Tilapia simonis, Lich: 


amia, L. glauca and B 
canis 


Pelecanus oanocrotalus, Mil: 


Plus. 


Felis catus dom. 
familtaris 


Persian wolf; metacereari 


Vugil cephalus, M. ca 
Ve auratus, — Epinep! 


enaeus, Tilapia simo’ 


Lichia amia, LL. glauca 
Barbus canis 


\ 
\ lid 
HeteroprVve 
/ 
| 
: HotoranPy 
Braun, rg01b: 334, 336, 338 
2 Looss, 1902a 886-887 
| 
Nicoll, 19235: 239, 245, 246 ) 
Ciurea, 1924: 13, 17 
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/ 
Valid name Described as Author Host 
Heterophyes dispar Heteropbyes dispar Looss, t902a: 8go, Sgt 
limatus Ransom, 1920: §36, $37 
i*Pres. 
Distomum fraternum, L.ooss, ofa: 42-48, figs. 13-15 | 
partim | | 


Looss, 96h: 60-63, 154, | 
156, figs. 36, 37 
Sonsino, 1896: 314 | 
Miihling, 18984: 81. 82 
Stossich, 1898b: 42 
Looss, 1899: 535, $50, $56 
Jagerskj6ld, 1899: 9, 12 | 
Liihe, 1899: $39 
Jacoby, 1899: 2 


Braun, tg01b: 334, 336, 338 


Looss, 1902a: 886, 888 | 
*Pres. 
| 
Heterophyves heterophyes — Heteraphyes heterophyes Stiles & tg00: 563 
Looss, 1902a: 8g Man, Felis catus dom., Canis 
familtaris 


Looss, 1902): 782, 785, 786, 
809, $38, 854 

Ciurea, 453 

Hall & Wigdor, tg18: 237 

Ransom, 1920: 531-533, figs. T, 2 

Cort & Yokogawa, 1g21: 68, 69 

Skrjabin, 1923: 3 

Nicoll, 19235: 239, 245, 246 


Kobayashi, 1923: 97-98, fiz 1 Metacereariae in sp. 
Khalil, 1923: 141-142, fig. 1-2 Metacereariae in 


Ciurea, 1924: 13, 17 

Faust & N., 1926: 91, 92. 122. 123 
Stiles & H., 1926: 92 

Poche, 1926: 148 

Cram, 1926: 43 

Chapin, 1926: 37 

Nicoll, 1g28 339, 340. 345. 346 
Pres. Experim. rabbit, Cireactus 
gallicus metacercariae in 
| Vugil capito, Al. auratus, 
Epinephelus enaeus, Tilapia 
stmonts, Lichia amta, L. alauca 
and Barhus canis. 


Clinostomum beterophyes | Raillet, 1898: 173 


Coenogonimus fraternus, | Looss, 1899: §85, 700, 701 
partim | Looss, 205 
Jagerskjild, 1903: 3 
*Pres. 


Looss, 1899: 578, 385, 386. 699, 

| 700, 701 

*Stiles & 563 
Jagerskj6ld, 1903: 3 


Pres. 


| 

Coenogonimus heterophyes | 
| 


iy 
| 
og 
| 
| 
| 
| 
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Valid name Described as Author Host Valid n 


Heteraphyes heteraphyes Cotylogonimus fraternus,  Liihe, 1899: 539 
partim Braun, 1901h: 337 Heteruphves P 
Fischoeder, 1903: 548 
Ransom, 1920: 534 
*Pres. 


Cotyloganimus heterophyes Liihe, 1899: 539 

Braun, 190th: 335, 337, 338 
Fischoeder, 1903: §48 
*Looss, Ig02a: 886 


Cotylogonimus persicus Braun, 190th: 334-338, fig. 13 ‘Persian wolf.’ 
Braun in Looss, 1902a: Sot 
Ransom, 1920: 537 
"Pres. Heteraphves 


Dicrocoelinm heterophyes Weinland, 1858 : 86 
Cobbold, 1856: 6 
*Stiles & H., rgo8: 151 


, Distomum fraternum, Looss, t894a: 42-48, figs. 13-15 Pelecanus onocrotalis 
partim Miihling, 18984: $81, $2 


Looss, 1896): 60-63, 154, 
156, figs. 36-37 

Looss, 1899 5355 5505 $56 

Jacoby, 1899: 23 

Jagerskjéld, 1899: 9, 12 

Lithe, 1899: 53 

Braun, 19015: 334, 336, 338 

Looss, 1902a: 886, $87 


*Pres. 
a | Distoma heterophyes and For the exhaustive references, see : 
Distoma heterophyes Stiles & HL., 1993 Note 
: hominis 
*Stiles & H., t900: 563 
Fasciola hetcrophyes Moquin-Tandon, 1860: 343 
*Ransom, 1920: §31 
| Heterophyes aegyptiaca Cobbold, 1866: 6 
Stiles & 563 
| 
| Heterophyes fraternus, Looss, 1902a: 887, 888 
partim I.ooss, 19020: 785, 808, 809, 838, 


854 
Looss, 1907: 488 
Ransom, 1920: §34, 5 


5355 536, fiz. 3 
Nicoll, 19236: 239, 245, 


246 

| Ciurea, 1924: 13, 17 

|*Pres. 

Heterophyes hetcrophyes | Looss, t902a 8go, Sot 
sentus | Ransom, 1920: 533 

lep 
i*Pres. 

| | 

Hetcrophyes pallidus | Looss, 1902a: 889, 890 Vilvus aegyptius 


| Ransom, 1920: 533, 534 
| Clurea, 1924: 17 | 


\*Pres. | 


5 
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\'alid name | Described as Author Host 


Het rophves heterophyes Ileterophyes persicus Braun in Looss, 1902a@: Sol 
Looss, 1902): 782, 785 
Ransom, 1920: 537, fiz. 4 
Poche, 1926: 147 
Cram, 1926: 43 
*Pres. 


Mesogonimus hetcrophyes Raillet, 890: 143 
Stossich, 1892): 31, 32 
Monticelli, 1893: 89, 155, 156 
Ward, 1895: 328 
Blanchard, 1g00: 485 
Heteraphyes nocens Heterophyes nocens Onji, 1915: 875-883 Man; metacercariae in VWugil 
Onji & Noshio, : cephalus, M. japonicus 
Cort, 1921: 187 
Cort & Yokogawa, 1921: 66-69, 
figs. I-5 
Lane, 1922: 505 | 
Ciurea, 1924: 13, 17 
Stunkard & H., 1924: 2 
Katsurada, 1925: 2 
Faust & N., 1926: 92, 122 
Nicoll, 1928: 345 
Pres. 


Heterophyes heterophycs, Janson & Tokishige, 1892: 350 
part. Janson, 1893: 265 
Leiper, 1913a: 176 
Nicoll, 1928 : | 


Heteropbyes katsuradai Ozaki & Azada, 1926: 216-218, | 
fig. 1 
Azada, 1926: 360-365, figs. 1-4 Canis familiaris 
Nicoll, 1928 : 345, 376 | 
\*Pres. 


Mesogonimus beterophyes | Raillet, 1890: 143 
| Stossich, 1892b: 31-32 
| Ransom, 1920: 531 
*Ciurea, 1924: 13 
| Faust & N., 1926: 122 


ROPHYIDAE Odhner, 1914: 22 

Skrjabin, 1919: 13 
Ransom, 1920: 528-529 
‘Travassos, 1921: 85 
Nicoll, 1923@: 168 
Nicoll, 1923h: 238 
Ciurea, 1924: 16, 18 
Stunkard & H., 1924: 6 
Dollfus, 1925: 192 
Faust & N., 1926: gt, 92, 121 
Poche, 1926: 147, 163 
Stiles & H., 1926: go, 91 
Chapin, 1926: 37 
Pres. 


Viana, 1924: 107, 149 
*Poche, 1926: 147 


| APLORCHIDAE 


| 


; 
en 
Br 
| 


Valid name 


Described as 


220 


Author Host 


TRROPHYVIDAF 


| TETEROPHYINAE 


MerraGONIMUs 


COENOGONIMIDAF 


OGONIMIDAF 


TTArrORCHIDAE 


STICTODORIDAE 


TTETEROPHYINAF 


COENOGONIMINAF 


COTYLOGONIMINAE 


METAGONIMINAE 


MEtTAGONIMUS 


Loossta 


LOxOTREMA 


Nicoll, 1907: 261 
*Poche, 1926: 147 


Nicoll, 1907: 261 
7 
*Poche, 1926: 147 


Travassos in Viana, 19245 150 
*Poche, 1926: 147 


Poche, 1926: 156 
*Pres. 


Ciurea, 1924: 17 
Stunkard, 1924: 6 
Dollfus, 1925: 195 
Pres. 


Looss, 1899: 3586, 619 
Odhner, 1900: 21, 23 
Odhner, 1905: 314 
Nicoll, rgog: 484 
Stunkard & 1924: 6 


Pratt, 888 
*Stunkard & IT., 1924: 6 


Ciurea, 1924: 17 
Stunkard & 1926: 6 
Stiles & 1926: 91 


Katsurada, 1g12¢ 
Yokogawa, 
Yokogawa, 1912/ 
Yokogawa, 1913 
Ciurea, 112 
Skrjabin, 1 

Ransom, 1920: §27, §29, 538, 539 
Leiper, 1922: 364-365 

Ciurea, 1924: 3, 4, 17 

Stunkard & IT., 1924: 6 

Nicoll, 1924: 131 

Dollfus, 1925: 195 

Poche, 1926: 147 

Stiles & H., 1926: go. gt, 92 
Nicoll, 1928: 345 

Pres. 


Ciurea, 1915a: 454-455 
Ciurea, 1g15b: 112 
*Ransom, 1920: 527, 540 
Ciurea, 1924: 4 


Kobayashi, igt2a: 785 
Kobayashi, 19124: 607 
Leiper, 1922: 364, 365 
Nicoll, 19234: 239 
*Dollfus, 1925: 195, 196 
Faust & N., 1926: 92, 123 
Stiles & H., 1926: g2 
Poche, 1926: 147 


Vali 


Mer AGONI 


| 
| 
{ 
' 
a 
| 


Valid name 


Described as 


22! 


Author 


= 


Mus TOMANICHS 


Vetagontmus 


YOKOGAWA 


Metagonimus romanicus 


Loossia dobrogiensts 


Loossta parva 


Loossta romanica 


VWetagonimus dobrogiensis 


Metagonimus parvus 


Metagonimus yokogazvat 
(partim) 


Metagonimus vokogaceat 


Leiper, 1913: 282 
*Ransom, 1920: 527, $34 

Faust & N., 1926: 123 

Stiles & H., 1926: go, 92 


Ciurea, 1924: 4, §-10. 17 
Stunkard & IL, 1924: 2 
Pres. 


Ciurea, 1915a: 454 
Ciurea, 1915h: 108-112 
*Ransom, 1920: 38, 42-43 

Ciurea, 1924: 3-4 


Ciurea, 1915a: 453-454, fig. 6 


| Ransom, 1920: 538, 541-542, 


fig. 10 
*Ciurea, 1924: 4 


Ciurea, 1915@: 446-453. figs. 1-3, 
text-figs. 1-3 
Ciurea, 1915: 1og-112 
*Ransom, 1920: 538, 541. figs. 8. 9 
Hall & Wigdor, 237 
Ciurea, 1924: 4 
Stiles & IL., 1926: go, 92 


Ciurea, 1924: 3-4, 13. 17 
*Pres. 


Skrjabin, 1923: 4 
*Clurea, 1924: 4 


Nicoll, 1924: 129, 135, 136, 137, 
> 
138 
Faust & N., 1926: 123 


Katsurada, 1912¢ 

Yokogawa, 1912a 

Yokogawa, 1912 

Katsurada, 1913: 49-77. figs. 1-15 

Yokogawa, 1913 

Yokogawa, 1913d: 158-179. figs. 
I-17 

Ciurea, 1915b: 108-112 

Muto, 1917: 115 

Muto, 1917d: 79 

Ransom, 1920: 538-543, figs. 5-9 

Cort, 1921: 187 

*Leiper, 1922: 364-365 

Ando, 1922: 1, 2, 4-9, 21, 22 

Ciurea, 1924: 4, 7, 8-10, 17 

Nicoll, 1924: 131, 135, 136, 137, 
138 

Stunkard & H., 1924: 2 

Dollfus, 1925: 195-196 

Faust & N., 1926: 92, 115-116, 12¢ 

Stiles & 1926: 92-93 

Nicoll, 1928: 339. 343. 3445 345: 
346 

Pres. 


Tlost 


Pelecanus onocrotalus 


Felis catus dom.:  metacer- 
cariae in Fsox luctus 


Felis catus dom... Cants 
familtaris, Sus scrofa dom., 
Pelecanus onocrotalus meta- 
cereartae in luctus, 
Scardinius eryvthrophthalmus, 
Abramis brama, Carassius 
carasstus, Aspius aspius 


Metacereariae Carassius 
aureus, Leuciscus haluensts 


Cercariae in VWelania libertine 


Chimarregale platycephala, Mus 
molossinus, Rattus rattus, 
Rattus norvegicus 


Record following molluscan 
hosts: Katayama nosophora, 
Melania ebenina, M. extensa, 
M. gottschet, M. nodiperda- 
quinaria, M. obliquegranosa, 
Pyradus cingulatus 


~ 
py 
wey 
| 
? 
oe 
: 
| 
: 
poe: 


Valid name 


Described as 


Wetacanimus Vokosazrat 


Micralistrum cochlear 


Metagonimus yokogazwvai 


(partim) 
Heterophyes elliptica 


Thi terophyes vokogamwat 


Loxatrema ovatum 


Metagonimus ovatus 


Tocatrema yokogazea 


vokogared 


CGALACTOSOMUM 


Vicrolistrum cochlear 


Distomum cochlear 


Distomum cochleariforme 


partim ) 


Distomum cochleariforme 


sternae (partim) 


Author 


Host 


Nicoll, 1924: 129 
Faust & N., 1926: 173 


Yokogawa, 1913¢ 


Katsurada, 1912a 
Katsurada, 
*Dollfus, 1925: 195-196 


Kobayashi, 785 
Kobayashi, 19125: 607 
Leiper, 1922: 364-365 
Nicoll, 1923: 239, 246 
*Dollfus, 1925: 196 


Yokogawa, 1913¢: 45-49, figs. 1, 2 
*Ransom, 1920: 538, 540, fig. 7 
| Poche, 1926: 148 


Leiper, 1913b: 282 


Leiper, 1 
Leiper, 1913: 282 
5 


Braun, tgote: $63, 895 
Braun, 1902: 55 

Pratt, 1902: 889 
Odhner, 1910: 354, 356 
Pratt, 143 
Nicoll, 1923a: 168 
Poche, 1926: 132 

Pres. 


Pratt, 143-148 
| Poche, 1926: 152 
Pres. 


Braun, 563 

Braun, 1902: 56-58, fig. 36 
Odhner, 1910: 353-354, fie. 1 
Nicoll, 1923@3 TOS, 192 
Pres. 


Diesing, 1850: 357, 358 

Creplin, 1851: 2 

Cobbold, 1860: 14 

| Stossich, 18g2a3 179 

“Braun, 561, 563, Sos 
Braun, 1902: 56, 58 


Rudolphi, i819: OSt 
| Dujardin, 1845: 449 
Braun, 1901: 893, 895 

| Braun, 1902: §5, 56, 58 
| 
| Diesing, 1850: 357 
| Cobbold, 1860: 14 


Man, Felis catus dom.. 
familtaris metacere 
Plecoclassus altivelis 


Sterna sandzvichensis, S. 


4 
222 
| | \ alte 
| 
: Stiles & 1926: go, 92 
} croll 


Valid name 


Described as 


yum cochlear 


\/ gum cochleart- 


semifuscum 


\loNORCHITREMA 


Distoma dicsingt 


Galactosomum cochlear 


Microlistrum cochleari- 
forme 


Distomum cochleartforme 
\ 
(partim) 


Disiomum cochleartforme 
slernae (partum) 


Galaclosomum cochleart- 
forme 


Microlistrum semifuscum 


llost 


Cobbold, 1860: 14 
*Stossich, 18g2: 179 
Braun, 1gole: 561, 563 
Braun, 1902: 56, 58 


143. 145 
100, 107, 15y 


Pratt, 1git: 


Viana, 1924: Sterna antillarum 


Braun, 1gote: 563 

Braun, 1902: 56, 58, fig. 35 
Odhner, 1910: 353-356 
Nicoll, 1923: 168, 192 
Pres. 


Rudolphi, 81g: 681-082, 037 
Dujardin, 1845: 449 

Diesing, 1850: 357 

Stossich, 18g2a: 179 

*Braun, 1gote: $61, $63, Sys 
Braun, 1902: 55, 56 


bregata aqutla 


Diesing, 1850: 357 
Cobbold, 1860: 14 
Pratt, 143, 145 
Viana, 1g24: 107, 15y 
*Pres. 


Pres. 


CGalactosomum semifuscum  Jagerskjold, 1906: 316, 317 


Munustomum scmifuscum 


Vicrolisirum 


Galactosomum cochleari- 
formic 


Guldctosumum spinelum 


MoONORCHITREMA 


Nicoll, 1g23a: 168 

*Pres. 

Olsson, 1870: 238, figs. 05, 00 Sulu basuna 
Brandes, 18g2: 505, Sey 

Monticelli, 706, 710 

Braun, 1893: gt6 

* Jagerskj6ld, 1go8 : 317 

Odhner, 1gio: 356 


Braun, 1gole: 563, Rhynchops nigra 
Braun, 1go2: 59-62, figs. 37 
Odhner, 1910: 353, 355, 350 
Linton, 1928: 23, fig. 52 magnificens 
“Pres. 


| Viana, 15y 
*Pres. 


Nishigori, 
| Faust & N., 1925 


| Faust & N., 1926: 93 


Pres. 


Aba 
> 
= 
; 
re 
| 
= 


Valid name Deseribed as 


Monorchitrema tathokut 


Monorchitrema tathut Monorchitrema tathui 


PARASCOCULYLE PARASCOCOLYLE 


AscocoryLe (partim) 


PHAGICOLA 


Monorchitrema tathokut 


te 
te 


Author 


Host \ 


Nishigori, Ig24: 56g 

Faust & N., 1925 

Faust & N., 1926: 93-125, figs. 
12-19, 25, 27, text-fig. 1 

Nicoll, 1928: 340, 345, 346 


Pres. 


Nishigeri, 1924 : 
Faust & N., 
Faust & N., 1g26: 


G-11, 20-22, 26, 25 


Nicoll, 1y28 
Pres. 


Stunkard & 1g24: 3, 4 
Dolltus, 1925: 192 
Pres. 


Louss, 18gg: 554, 555, 586, O11 
Braun, 1902: 30 

Looss, 1g02b: 441, 824, 832, 833 
Pratt, 1902: 888, 894 
Jagerskj6ld, 1903: 14 

Nicoll, 1907: 521 

Odhner, 224 

Skrjabin, 1919: 13 

Ransom, 1920: 529, 501, $62 
Nicoll, 1Q23a: 108 

Nicoll, 19236: 239 

Ciurea, 1924: 17 
*Stunkard & H., 1924: 2, 3, 6,7 
Pres. 


Faust, 1920: 630, 631 
*Faust & N., 1926: 92, 93 
Poche, 1926: 152, 153 


Felis 


hosts : VW. 
var. bidac; 
secondary hosts: Cur, 
auratus, Clarias 
Channa formosana, Ps vide 
bora parva, Phoedeus a; 
Gambusia affinis, 
operculatus, Ctenophalus 
anus,  Misgurnus 
caudatus, Parasilurus asoty 
Zacco platypus, Cypriny 
carpio; — definite 
Nycticorax nycticorax, 
catus dom., Cants familiari., 
rabbit, mouse, guinea-pis. 


rascucolyle 


Metacereariae in Tilapia 


tica, T. galilea, T. simon: 
Barbus longiceps, Mug: 
capito, M. cephalus, Bari 
canus ; adults in Larus sy). 


Cereariae in Melania obli;: 


metacercarla 

Cyprinus carpio, Carassiv 

auratus,  Zacco platy pi 

Pseudasbora parva, Par 
ocellatus, Gambusia 
Ctenopharyngodon idellv 

adults in ‘ birds, mammiul:. 

including man.’ 


5 


catus dom. Cu) 


familiaris, Larus metu- 
cereariae in Varicorbinis 


Barbus canus, Tilapia simon 


alid 
| 
| | 
| 


bo 
bh 


\ alid name Deseribed as 


style ascolouga | Parascocotyle ascolonga Pres. 


Stunkard & 1924: 
Pres. 


colyle italica Parase ocotyle italtca 


we 


Ascocoltyle ttalica Alessandrini, 19060: 221-224 
Hall & Wigdor, tgi8 237 
Ransom, 192 
Nicoll, 19234: 239, 246 
Skrjabin, 1923: 4 

| Ciurea, 1924: 14, 17 

*Stunkard & 1g24: 3 
Nicoll, 1g234: 234 
Blane & iedin, 1913 
*Skrjabin & Lindtrop, tgig: 6 


Lchinostomum pyriforme 


Stunkard & IL, 3 


Pres. 


otyle longa Parascocotyle longa 


Ransom, 1g20 : 504-5600, fig. 2g 
Clurea, tg24: 14, 17 
*Stunkard & IL, 1g24: 3 
Cram, 1926: 43 


Ascocot longa 


Stunkard & IL. 1924: 3 
Dollfus, 1925: 192 
Pres. 


cocotyle minuta Parascocotyle minuta 


Looss, : 555. OyS-6gy, 
701, fig. 23 
Looss, : 205 
Faria, 1910: 287 
Railliet & Henry, 1913: 93 
‘Travassos, 1 
Hall & Wigdor, 1g18: 237 
Ransom, 1920 : 532, 535, fig. 25 
Nicoll, 1923a: 168, 185 
Nicoll, 19230: 239, 246 
Skrjabin, 1923: 4 
Joveux, 1924: 3 
Viana, 19242 134, 157 
Ciurea, 1924: 14, 17 
*Stunkard & IL., 1924: 3 
Dollfus, 1925: 


Ascocotyle minuta 


Stunkard & IL, 4-5, fig. 
Dolltus, tg25 1g2-1y4, fig. 1 
*Pres. 


Parascocotyle diminuta 


Stuncard & IL., ty24: 3 
Pres. 


vootyle nana Parascocotyle nana 


Ascocotyle nana 
Ciurea, 1924: 14, 17 
*Stunkard & H., 1924: 3 
Cram, 1924: 3 


Felts calus dom., 


262, 263, 264, 263 


Ransom, 1920: 562, 566-568, fig. 3c 


Llost 


Canis 
familtaris metacereariae in 
Tilapta simonts. 


Cants familtaris 


calus Cants 
familtaris, Persian wolt: 
metacerearae in Vugil 


cephalus, M. capito, Lichta 


amia, Barbus canis. 


layup 


Felts calls domt.. Cants 
familtaris, Ardea cinerca 


Ruttus norvegieus 


Vulpes lagopus 


: 
ARS 
Pdradsce 
© 


Ov 


Valid name Described as Author 


Llost 


Purasco olyle pitheco- Parascocotyle pith co- Pres. 
phag icola phagicola 


Ascocotyle pithecophagicola Faust & N., 1920: 83, 123 
*Pres. 


Phagicola pithecophagicola Faust, 1y20: 630-031, figs. 4-6 
*Faust & N., 1926: 92, 93 
Poche, 1926: 153 


Pyciplopsk Py ciptovsi: L.ooss, 1907 : 488-4go 
Odhner, 1914: 244 
Skrjabin, 1919: 13 
Ransom, 1g20: 565 
Stunkard & H., 1924: 6 
Ciurea, 1924: 17 
Faust & N., 1926: g1 


Pyyidiopsts zenata Pyvidtopsts sonata Luoss, 1yo7: 488-gyo, fig. 7 
Ransom, 1920 
Ciurea, 1924: 2, 3, 13, 17 
Faust & N., 1926: y3, 122, 124 


Pres. 
Ascocotyle plana Linton, 1y28: 20, 24, fig. 5¢ 
"Pres. 


RosslCOLREMA RossiCOTREMA Skrjabin, 191g: 13, 14, 17 
Ciurea, 1924: 14 
Stiles & 1926: 91 
Faust & N., 1926: g2 
Pres. 
COryLOPHALLL- Ransom, 1920: 52y, 554; 555 
Nicoll, 1923b: 240 
Szidat, 1924: 3, 4 
*Ciurea, 1924: 3, 4 
Stunkard & H., 1924: 6 
Faust & N., 1926: g2 
Stiles & H., 1926: 9! 
Pres. 
Rossicotrema donicum Rossicotroma donicum Skrjabin, 1gig: 14-16, fig. 1 
Skrjabin, 1923: 4 
Ciurea, 1924: 4, 17, figs. 3, 4 
Pres. 
Apopballus brevis Ransom, 1920: 553, 554, lg. 21 


Ciurea, 1924: 14, 18 
Szidat, 1924: 2, 3, 4 
Poche, 1926: 148 
*Pres. 


| 


Pithec upbaga oltre Vi 


Pelecanus onocrotalus 


Canis familtarts, belts 


dom., Persian wolls 
? 


cereariae in Tilapia 
T. galitlea and Barbus 


Butorides virescens 


Felts catus dom. 
familtaris 
Metacercariae im 


erythrophthalmus, Abram 


brama, Blicca bjorcna. 


Larus delavarensts 


Valid nan 


doi 


SCAPHANOCEP 


cpl 
australts 


phu NUL cp 


CX pansts 


: 
| 
j 
| 
| 
| i 
| 
| 
| 
| 
| | 
| 
‘ 
| 
| 
| 
| 


Valid name Described as 


Author Llost 


Ryssicolvoma dontcum Cotylophallus similis 


Cotyluphallus venustus 


Rosstcotrema simile 


Rosstcotrema venustum 


SC APHANUCEPHALUs SCAPHANUCEPHALUS 


Scapha phalus 


Scuphanncephalus 
australts 


dustralts 


Scaphana phalus 
CN Pansus 


“upha NUL cephalus 
pansus 


Distoma expansum 


Monostomum expansum 


Tocotrema expansum 


Ransom, 1920: 555, 358, 359, Phocu vitulina 
fig. 2 

Nicoll, 19235: 240, 243 

Ciurea, 1924: 


*Pres. 
Ransom, 1920: 555, 358, Felis catus Cams 
figs. 22-25 familtarts, Vulpes lagopus. 


240, 240 
Hall, 1923: 

Ciurea, 1924: 14 
Cram, 1926: 43 

*Pres. 


Ciurea, 1g24.: 14, 17 
*Pres. 


Ciurea, 1924: 14 
*Pres. 


Jagerskjold, tgo3: 1-16 
Luhe, tg0g: 88, Sy 
Odhner, 1914: 244 
Skrjabin, 1916: 13 
Ransom, 1920: 527, 525 
Nicoll, 1g23a: 168 
Ciurea, 1924: 1, 14, 18 
Stunkard & 1g24: 6 
Poche, 1926: 147 
Faust & N., 1926: gi 
Pres. 

Johnston, 1917: 188-195, teat-hgs.  Maltactus leucogaster 
1-5, figs. 1, 
Ciurea, 1924: 18 

Pres. 

Jagerskjold, 1903: 1-16, figs. 1-5 
Lithe, 1gog: 8g 
Johnston, 1917: 1838, 195 
Nicoll, 1923@: 168, 179 

Ciurea, 1924: 2, 14 
Pres. 

Monticelli, 1892: 714 

Creplin, 1842: 327-336 Pandion baltactus 
Dujardin, 1845: 345, 340 

Diesing, 1850: 321 

Brandes, 1892: 508 

Monticelli, 1892: 6385, O80, Oy4, 

696, 700, 703, 713, 714 

Braun, 1893: 915 

Jagerskjéld, 1gor : 979, y33 
*Jagerskjéld, 1903: 1 


Jagerskjéld, 1g01 : 97g-g81, fig. 1 
Looss, 1902: 706 

Odhner, 1902: 45 

*Jagerskjéld, 1903: 1 


| 
| 
| 
| oy 


Valid name Described as Author Hust 
STAMNOSOMA STAMNOSOMA Tanabe, 1922: 19 
Faust & N., 1926: 121-122 
Stiles & H., 1926: 93 
Pres. 
Stumnosuma armutum Stumuosoma armatum Tanabe, 1922: 19 Man, Nyecticoran nye 


Siamnosoma formosanum —Stamnosoma formosanum 


STICTODURA STICTODORA 


Stictodora sacxcukinensts Stictodora saccakinensts 


TocorreMa TOCOrREMA, s.str. 


‘TocorreMA (partim) 


CrRYPIOCOTYLE | partum) 


DERMOCYSTIS 


HALLUM 


Faust & N., 1926: y3, 110, 123 


Stiles & H., 1926: 93 
Nicoll, 1928 : 345, 346 


Pres. 


Nishigori, 19244 
Nishigori, 1924 


Faust & N., 1926: y3, 116, 121, 


122, 124 
Stiles HL, 1926: 93 
Nicoll, 1928: 345, 346 
Pres. 


Looss, 671-672 
Pratt, 1902: 8go, gic 
Poche, 1926: 156 
Pres. 


Luoss, 1Sgy > 754755; his. ge 


Pres. 


Necoll, 453 
Pres. 


Louss, 189g: 585, 536, O1y 
Looss, 1900: 608 

Odhner, 1900: 21, 22 
Jagerskj6ld, 1900: 736 
Lithe, 1g00b: 557 

Braun, Igola: 56 
Jagerskjéld, y31, 
Looss, 19026: 833, 835 
Jagerskj6ld, 1903: 13, 14 
Odhner, 1914: 244 
Skrjabin, 191g: 13 


see CRYPTOCOTYLE (parti) 


Stafford, 1go5: 682 
*Ransom, 1920: 544 


Wigdor, 1918: 254 
*Ransom, 1920: 527, 547, 545 
Maplestone, 1922: 155 
Stiles & H., 1926: go 


Felis 


q 


and Jaburatory 
metacercariae prinuid 
fishes. 


Adults man, Felis cain: 
dom., Canis familiar, 
guinea-pig, rat; mctacer- 
cariac Carassius auratu, 
Channa formosana, (laria 
fuscus, C tenophary nyodon 
idellus, Cyprinus 
Gambusia affinis, Misgu nus 
anguillicaudatus,O phicephalu: 
tadtanus, Parastlurus asoin. 
Pscudasbora parva, Rhoden. 
ocellatus, Zacco platypu. 


Cur pro, 


> 
Larus sp. 


dom.. Cant 


familtaris, Puffinus  kubls: 
i 


mietacercariac in 
cephalus, M. cupito 


J youll mad 


Tuulrema J 


Tecotrema 


228 
\ alid 
= 
| 


\ aid name 


Described as 


to 


Author 


Jyculrema echinata 


jejunum 


Tecotrema lingua 


Tocotrema echinata 


Cryptocotyle echinata 


Monostoma ccbinatum 


Tocotrema jejunum 


Cryptocolyle 


Tocotrema 


Cryptocotyle americana 


Cryptocotyle lingua 


*Pres. 


Pres. 


| Lithe, tyog: 88 
| Nicoll, 1923a: 168, 179 
i*Pres. 
Linstow, 1878 : 223, 224, fig. 6 

Brandes, 18g2 : 509 
| Monticelli, 1892: 6385, 661, Oy4. 

697, 698, 699, 702, 705, 713, 714 

Braun, 1892: 570, 586, g15 

*Lithe, 1gog: 88 
| 
| 


Nicoll, 1907: 248, 257-259 
Nicoll, 1g0g: 483, figs. 20, 2 
Pres. 


Ransom, 1g20: 544, 545-550, figs. 
16-17 

Nicoll, 1g923a: 108, 188 

Ciurea, 1924: 1, 213, 18, fig. 1 

*Pres. 


Looss, 18gg: 586 
Jagerskjéld, 1goo: 736 
Jagerskjold, 1go1 : g7y-ys2z 
Odhner, 1902: 45 
Kowalewski, 1g02: 27 (9) 
Jigerskjold, 1903: 2, 13 
Nicoll, 1906: 514, 519 
Nicoll, 152 

Nicoll, 1915: 354 

Poche, 1926: 147 

Pres. 


Ciurea, 1924: 14-15 
*Pres. 

Fischoeder, 1yo3: 548 
Nicoll, 

Lithe, 1gog: 88 

Ciurea, 1g15a: 446, 45¢ 
Linton, 1915: 128, 134 


| 
| 
| 


| Hall, tg23: 14 
| Maplestone, 1g22: 153-156, tig. 1 
Nicoll, 1923@: 1638, 186, 1go, 191, 
1g2 
| Nicoll, 19235: 240, 243, 246 
| Ciurea, 1924: 14, 15, 18 
Stunkard & 1924: 2 
Poche, 1926: 148 | 
| Stunkard, 1927: 125 | 


Pandton haliactus 


Totanus caltdri: 


Larus argentatus  cachinnans, 


Sterna hirundo. 


Larus atricaptlla 
Larvae in Cottus scorpins 


Rissa tridactyla 

Metacereariae in various fishes 

Colymbus auritus, Gavia timber, 
Nycticorax nycticorax, Alea 


torda, Sterna dougallt, 
S. Airundo, Phoca vitulina. 


Rattus albus, Feliscatus dom. 
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Valid name 


Described as 


Tocotrema lingua 


| 


| Dermocystis ctenolabrt 


Distoma lingua 


Distoma sp. 


Hallum caninum 


Host 


Author 
Stafford, 1905: 682 
Linton, 1915: 128, 134 


Creplin, 1825: 333, 347, 348 
Creplin, 1837: 31 

Dujardin, 1845 : 
Creplin, 1846: 
Diesing, 1850: 343 
Cobbold, 1860: 11 


| Olsson, 1876: 15 


Stossich, 1892a: 155 
Braun, 1892: 568, Syy, 721 
Olsson, 1893: 11 
Monticelli, 1893: 94 
Kowalewski, 1896: 2 
Stossich, 1896: 129 
Stossich, 1898: 41, 42 
Lihe, 899: 539 
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Jiigerskj6ld, 1898 : 4, 14, 16, figs. 1-4 


*Looss, 1899: 586 
Jacoby, tgoo: 23 
JagerskjOld, 1go1: 982 
Jagerskjéld, 1903: 1, § 


Ryder, 1844: 37-42 

Linton, 18go: 281, 296, figs. 76, 31 
Linton, 1891: 462, 463, fig. 318 
*Stafford, 1go5: 682 

Linton, 1912: 255, 257 


Wigdor, tg18: 
*Ransom, 1920: §27, 547, 548 
Maplestone, 1922 

Hall, 1923: 14 


| Larus marinus 


| Larus argentatus 


Laurus fuscus 


Metacereartae in 
adaspersis. 


Canty fumilturts 


REFERENCE LIST OF LITERATURE CONCERNING CERCARIAE OF 
UNDETERMINED SPECIES OF HETEROPHYIDAE 


Valid name 


Described as 


Author 


Cercaria chromophila 


C. cordata 


photifera 


C. translucens 
C. tridonta 


picta 


chromophila 


C. flavopunctata A 


C. cordata 


C. photifera 


C. translucens 
C. tridonta 
picta 


C. flavopunctata B 


Kobayashi, 1922 : 


Host 


=P) 


Faust, 1922: 262-263, 
Faust, 1924: 292 
Faust & N., 1926: 12 


aust, 1924: 254, 293, fig. 15 

Faust & N., 1926: 117, 120, 124 

Faust, 1922: 262, fig. 16 

Faust, 1924: 292 

Faust & N., 1926: 

Faust & N., 1926: 
fig. 23 

Faust & N., 1926: 
fig. 24 


117, 11g, 124 
118, 124, 


I1g-120, 124, 


| Faust, 1924: 292 


| 


| Kobayashi, 1922: 13, figs. 6, 7 


Melanta obenina 


Blanfordia nosophora, Pyrady 
cingulatus different 
species of Melania. 

Melanoides tuberculatus 


Viviparus polysonatus 
Bythinia siriatula 


Bythinia sinensis 


Melania libertina, M. reininana, 
Melania sp. 


‘ 
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REFERENCE LIST OF SYNONYMA OF HETEROPHYIDEA. 


Synonym Valid name* 
Anoiktostoma coleostoma Ascocotyle coleostomum 
cuspidatum Centrocestus cuspidatus 
APLORCHIDAE ... Hereropuyrpar 
A\PLORCHINAF ITAPLORCHINAE 
Apophallus brevis .| Rossicotrema donicum 
major A pophallus miblingt 
Ascocory Lr (partim) ... PARASCOCOTYLE 
italica... ttalica 
minuta  ... minuta 
plana... .| Pygidiopsis genata 
cryptocotyloides cryptocotyloides 
quingueangularis quingueangulare 
Clinostomum beterophyes Hete ropbyes heterophyes 
COFNOGONIMUS HereROPHYES 
fraternus heterophyes 
heterophyes 


Centrocestus cuspidatus var. caninus... 
COTYLOGONIMIDAE 


CorylLOGONIMUS 

9 fraternus... 

heteropbyes ... 

persicus 
COTYLOPHALLUS 

similis 


VENUSTUS 
Cryprocoty Le (partim) 


americana... 
echinata 
jejunum 
Distomum cabtrinum ... 
cochleariforme (partim) ... 
cochleariforme sternae (partim) ... 
colostomum 
CXPANSUM 
fraternum (partim) 
hominis 
Distomum lingua (partim) ... 
sp. of Ryder, 1844 


Centrocestus cuspidatus 


LIETEROPHYINAF 


heterophyes 
99 
” ” 


RosstcOTREMA 


“a donicum 


as 


... TocorereMa 


lingua 
echinata 


jejunum 
Maplorchis cabirinus 
Microlistrum cochlear 


vee s¢ 
cochleariforme 
99 spinetum 

cochlear 


cochleariforme 
wee) Ascoc otyle coleostoma 

| Cryptocotyle concavum 
Centrocestus cusptdatus 
veel Microlistrum cochlear 
Galactosomum erinaceum 
... Scaphanocephalus expansus 
Heterophyes aequalts 
dispar 
heteropbyes 
Galactosomum lacteum 
Heterophyes bheterophyes 


99 
Apopballus mihlingt 
| Tocotrema lingua 
Apopballus miblingi 
..» Tocotrema lingua 

‘TOCOTREMA 
lingua 


*For particulars see the Reference List of Bibliography. 
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REFERENCE LIST OF SYNONYMA OF HETEROPH YIDAE—continued 


Svnonym 


Valid name* 


Dicrocoelium heterophyes 
Lchinostomum pyriforme 
Fasciola heterophyes ... 
Galactosomum (partim) 


cochlear 
cochleariforme ... 
semifuscum 
Spinetum 
Caninum 


TTAPLORCHIDAE 
1ApLORCHIDINAE 
ITaAPLORCHIINAE 
Heterophyes aegyptiacus 

dispar limatus 


elliptica ... 


fraternus (partim) 


heterophyes 


sentus 


katsuradat 
pallidus 
Persicus 
vokogazeat 
Loossta 
 dobrogiensts 
parva 


romanica 
LOXOTREMA 


ss 


Mesogonimus heterophyes (partim) 


AMetagonimus dobrogtensis 
ovatus 
parvus 


vokogazvat (partim) 


Vetorchis ocsophagolonaus 
NIONORCHITREMINAE 
Monostomum expansum 
lacteum 


pumilto ... 

semifuscum 
Parascocotyle diminuta... 
PHAGICOLA 

pithecophagicola 
PHAGICOLINAE ... 
Rossicotrema simile... 

venustum 
STICTODORIDAE 
‘VocorreMa (partim) ... 

concavum 

EXPAnsum... 
Tocotrema mublingi 

yokogawa ... 
YoKoOGAWwa 

vokogawa ... 


eee 


Heterophyes heteropbyes 
Parascocotyle italica 
Heterophyes heterophyes 
Vicrolistrum 


cochlear 

9 cochleariforme 

semifuscum 

Spinetum 
‘TOcoTREMA 

lingua 

TlETEROPHYIDAE 
HAPLORCHINAF 


39 
Heterophyes heterophyes 
dispar 
Metagonimus yokogawai 
Hetero phyes aequalis 


99 dispar 
heterophyes 
nocens 


Valid name (?) 
Heterophyes heterophyes 


aequalts 
nocens 
heterophyes 


Metagonimus 


romanicus 

” 
Metagonimus 

yvokogazvat 
Heterophyes heterophves 

99 mocens 
Vetagonimus romanicus 

vokogawat 

rOMANICUS 


Metagonimus romanicus 
Valid name 

A pophallus mihlingi 
HAPLORCHINAE 
Scaphanocephalus expansus 
Galactosomum lacteum 
Haplorchis pumilio 
Microlistrum semifuscum 
Parascocotyle minuta 
PARASCOCOTYLE 


pithecophasicola 


CENTROCESTINAE 
Rossicotrema donicum 


99 
Ile TEROPHYIDAE 


CryprocoryLe (partim) Valid name 


Crytpocotyle concavum 
Scaphanocephalus expansus 
A pophallus miblingt 
Metagonimus vokogawat 
METAGONIMUS 


yokogavvat 


"Por particulars see the Reference List of Bibliography. 
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SUMMARY 


All members of Heterophyidae are reclassified on a system of 
taxonomical coefficients. The family is divided into five sub- 
families : Heterophyinae Ciurea, Centrocestinae \.ooss, Haplorchinae 
Pratt, Cercarioidinae nov. subf., and Adleriinae nov. subf. The 
total number of genera reported is 21, of species 43. Four new 
eenera are established: Duiorchitrema, Dexiogonimus, Cercarioides, 
and Adleria. Fourteen species of the family Helerophyidae are 
reported from Palestinian hosts; among these the following five 
are new ones: Parascocotyle ascolonga, Cercarioides aharonit, 
Adleria minutissima, Diorchitrema pseudocirrata, and Dexiogonimus 
ciureanus. A number of specific and generic names are rejected 
as synonyms ; a number of species hitherto regarded as belonging 
to the Heterophyidae is attributed to other systematic groups for 
reasons given in the text. 

The development of members of the Heterophyidae in the final 
host was elucidated experimentally. It is found that, as a rule, 
fish are intermediary hosts of Heterophyidae, i.e., they harbour 
encysted metacercariae. ‘The latter develop in the final host 
within seven to eight days. The species of fish which serve as 
secondary hosts of almost all Palestinian Heterophyidae are listed. 
Inter alia, 100 per cent. of mullets sold on the Palestinian markets 
are infected with the metacercariae of Heterophyes species and 
should be regarded as the source of human infection. 

An almost full bibliography dealing with all specific, generic, etc., 
names of Helerophyidae and their synonyms is given. 


For the purpose of comparison by other workers the following 
species are deposited in the United States National Museum, the 
Liverpool School of Tropical Medicine, the Zoological Museum 
of the Berlin University, Molteno Institute, Cambridge, and 
Helminthological Institute, Moscow. 

Heterophyes heterophyes, from the dog. 
Heterophyes heterophves, from the cat. 
Heterophyes dispar. 

Heterophyes aequalis. 

Dexiogonimus ciureanus. 
Monorchitrema tathokui. 
Monorchitrema tathu. 

Stictodora sawakinensis. 

Diorchitrema pseudocirrata. 
Parascocotyle longa. 

Adleria minutissima, 
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INTRODUCTION 


This paper records the results of a study of experimental infection 
by Treponema duttont, Although the relation of the organism to 
Tick Fever in the human subject has for long been firmly established, 
the literature regarding the experimental disease contains numerous 
discrepancies among the observations made by different workers. 
While some of the results obtained by the writer are in agreement 
with observations already published, certain data elicited are 
contrary to those of other workers and, therefore, appear of sufficient 
importance to warrant their being recorded. The investigation 
has also been of interest in eliciting certain special characteristics 
of the strain of organism used—its varying pathogenicity for different 
animals, the possible avenues of infection, the absence of demon- 
strable antibodies in the serum of infected animals, the high resistance 
of the organism to organic arsenicals and the persistence of forms 
in the body after the apparent recovery of the host. 

The strain of Treponema duttont used was obtained from Dr. J. G. 
Thomson, of the London School of Hygiene and Tropical Medicine, 
and had been maintained for a considerable period in laboratory 
animals. 

SUSCEPTIBLE AND REFRACTORY ANIMALS. 

Experimental infection was produced in mice, vats, a young guined- 
pig and two monkeys (Macacus sinicus). Without exception all the 
mice and rats inoculated developed the disease. In all 348 mice 
and 22 rats were infected. While Breinl and Kinghorn (1906) stated 


that young guinea-pigs were more susceptible than adult ones, it was 
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found that adult animals were altogether refractory. Other observers 
have found them refractory to various strains (Selwyn-Clarke, Le 
anu and Ingram, 1923, and Novy and Knapp, 1906). The latter 
were using a spirochaete which they termed Spirochaeta obermeieri, 
but which, according to Balfour (1911) and Cunningham (1925), 
was more probably a strain of Treponema duttont. They believed 
that the scanty forms which they noted in the blood of one of three 
guinea-pigs inoculated two days previously, were probably mere 
survivals of those injected, but they examined the guinea-pigs only 
for ten days—an insufficient length of time, since the incubation 
period in the young guinea-pig successfully infected was sixteen 
days. Guinea-pigs, however, have been found to be susceptible to a 
Panama strain (Bates, Dunn and St. John, 1921), toa Russian strain 
(Nicolle and Anderson, 1927) and to a Spanish strain (Nicolle and 
Anderson, 1928). | | 

Rabbits were refractory even when a large inoculum was injected 
itravenously into) young animals. Novy and Knapp (1906), 
Toyota (1919) and Selwyn-Clarke, Le Fanu and Ingram (1923) like- 
wise found them refractory, but they are stated to be susceptible to 
large doses (Breinl and Kinghorn), to intravenous injection with an 
arsenic-resistant African strain (Prigge, 1926), to suboccipital injec- 
tion (Plaut, 1926), to inoculation into the cerebro-spinal fluid 
(Strempel, 1928) and to Dakar strain (Mathis, 1927). The finding 
by Norris, Pappenheimer and Flournoy (1906) of forms in the blood 
of rabbits on the second day subsequent to inoculation but not 
thereafter was possibly due to survival of those in the inoculum as 
in the experiments of Novy and Knapp (v. supra). 


INOCULUM. 


The tmoculum tor the various experiments varied. While the 
blood of an infected animal was most often used, emulsions of 
various organs, such as of the spleen and brain and an emulsion 
of the embryos from an infected mother were also. successfully 
employed. 

AVENUES OF INFECTION, 

Various modes of inoculation were investigated. All subcutaneous 
and intraperitoneal injections into susceptible mice and rats with 
material containing visible spirochaetes produced the infection. In 
addition it was found that infective material when rubbed into the 
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unbroken or scarified skin of mice could produce the infection. In 
one series of experiments great care was taken not to scarify the 
skin, and the mice kept separate so as to avoid injury by fighting. 
The hair over the back of each mouse was clipped and a barium 
sulphide depilating powder applied. Two days later blood con- 
taining large numbers of spirochaetes was rubbed into the depilated 
area with the gloved finger, and on four out of eight occasions 
infection resulted. Two mice became infected even when methylated 
spirit had been applied two minutes subsequent to the application 
of the infected blood. In no case, however, in which ether alone 
or iodine alone, or ether and then iodine had been applied subsequent 
to the inoculation, did infection result. This possibly depended on 
the penetration of the skin by the antiseptic. As recorded in a 
previous paper, several workers, in contradistinction to the results 
obtained by Werner (1924), state that infection can occur through 
the unbroken skin, and the writer, who himself became accidentally 
infected in the course of this work, believes that the organism gained 
access by this avenue (Gray, 1928). Moreover, the power of the 
spirochaetes to penetrate various tissue cells which do not exhibit 
any phagocytic action has been recorded by Strempel and Armuzzi 
(1927b). 

Ixperimental infection was also produced by the avenue of 
certain mucous membranes. When a drop of infected blood was 
rubbed on to the nose of a healthy mouse, infection resulted in 
every case. Great care, of course, Was taken not to injure the mucosa, 
the blood being placed in the concavity of a sterile hollow-ground 
slide and the animal’s nose being gently rubbed into the concavity. 
our mice fed with infected blood all developed the infection —the 
same result as that obtained by Feldt and Schott (1925) in 95 per 
cent. of cases. Infection by the oral administration of relapsing 
fever spirochaetes has also been produced in mice by Iraenkel (1907), 
Nattan-Larrier (1gcg) and Werner (1924), and in monkeys by 
I. P. Mackie (1907). experiments similar to those of Gwelessiany 
(1927), were performed in which Treponema diuttont and Trvpanosoma 
brucei were applied to the nasal mucosa, great care being taken to 
avoid incidental injury. Both organisms were found to be able to 
penetrate when applied either singly or in a mixture although, 
according to Gwelessiany, the spirochaetes alone enter. 

The question of the placental fransmission was also investigated. 
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Samples of blood of the young born of three infected mothers were 
examined for spirochaetes by the dark-ground method—all with 
negative results. Two of the litters were born just before the 
crisis terminating the first attack of each mother-—when the blood 
of the latter contained very numerous spirochaetes. Inoculation 
of healthy mice with an emulsion of the body of a foetus belonging 
to one of these litters revealed the presence of the spirochaetes, but 
a foetus from the other litter was not infective. A mouse of the 
third litter, although born two and a half months subsequent to the 
last attack experienced by the mother, was proved by the inoculation 
of healthy mice to be infected. Since the inoculation of an apparently 
recovered mouse with trypanosomes sometimes causes the spirochaete 
to reappear in the circulating blood (see p. 258) attempts were made 
to demonstrate spirochaetes in the young born of an infected mother 
by inoculating them with Trypanosoma brucei. No spirochaetes, 
however, were demonstrated by this method. 

The fact that a mouse born of an infected parent need not itself 
be infected indicates that the placenta may, as stated by Strempel 
and Armuzzi (1927a), have the power of hindering the passage of the 
spirochaetes and the infection of young mice recorded above need 
not, of course, have been conveyed via the placenta but during or 
subsequent to birth (see Miki, 1925). Nevertheless, Breinl and 
Kinghorn (1906), Nattan-Larrier (1911) and Leger and Bedier (1922) 
have all produced evidence in favour of the possibility of the passage 
of spirochaetes through the placenta. 

Another fact elicited in this part of the work was that neither 
pregnant rats nor mice when infected showed any tendency to abor- 
tion. This observation is similar to that made by Breinl and 
Kinghorn (1906) in regard to rats. 


INCUBATION PERIOD. 


In computing the incubation period, daily examinations of the 
peripheral blood were made by the dark-ground method, and the day 
on which the organism was first observed was regarded as the first 
day of the attack. Determined in this way, the incubation period 
varied with the individual animal as well as with the species, the 
dosage, the avenue of infection and the administration of drugs. 
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1 ., the observation of at least 1 spirochaete in the drop of blood examined. 
- the observation of at least 1 spirochaete in each field (magnification -— 720). 
3 «the observation of at least 5 spirochaetes in each field (magnification — 720). 
$ 4, the observation of at least 10 spirochaetes in each field (magnification — 720) 
5 4, the observation of at least 40 spirochaetes in each field ‘magnification — 720). 
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The incubation period varied between 1 day (mouse 80), and 16 days (mouse 51). 
The duration of the first attack varied between 2 days (mouse 17), and 12 days (mouse 38). 
The duration of the intervals varied between 2 days (mouse 115), and 11 days (mouse 76). (The 
arbitrary criterion of an interval was absence of the spirochaetes for two consecutive days.) 
The number of attacks varied between 2 (mouse 17), and 5 (mouse 105). 
The severity of the first attack varied between a maximum of 1 spirochaete in cach field (mouse 17), and 
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TaBLe I. 


SWOWING THE VARIATIONS IN THE DURATION OF THE INCUBATION PERIOD, Arracks AND INTERVALS, AND IN THE 
NUMBER AND SEVERITY OF THE Arracks IN Mice. 


The figures denote the result of daily observations on the tail-blood by the dark-ground illumination 
method, day 1 being the day on which inoculation was made. 


© denotes failure to observe spirochaetes. 


4 maximun of 40 spirochaetes in each field, ending in death (mouse 80). 
Death usually occurred during or immediately after the first attack (mice 38 and 8c), but occasionally 
took place in the second attack (mouse 112). 


In mice the incubation period varied between one and sixteen 
days (Table I). It tended to be shorter in young animals (cf. Feldt 
and Schott, 1925), when large doses were given and when 
subcutaneous and intraperitoneal inoculation was employed as 
compared with infection through the nasal mucosa, alimentary 
tract and especially the skin. Considerable variations were noted 
between individual mice. For instance, three healthy mice of the 
same weight were inoculated subcutaneously at the same time with 
equal doses of the same infected blood ; the circulating blood of two 
was positive on the day following the inoculation while that of the 
third remained negative until the fourth day after inoculation. 
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TABLE JI. 
SUPERINFECTION. 


Mice 60 to 65, of approximately equal weights, were inoculated at the same time with equal doses 
of the same infected material. On the fourth day mice 63 and 65 were again inoculated with infected 
material. ‘They experienced longer attacks and the spirochaetes were more numerous in their blood 
than in mice 60-62. The latter also illustrate variations in the incubation period and in the duration 
and severity of the first attack, when equal doses are administered to animals of the same weight. 
(The figures are used as in ‘Table 1.) 


Davy I 2 3 4 5 6 5 

| 

| 
, 62 I 3 4/4 

| 

03 I 2 4 5 2 2 

| | 
O4 4 | § 2 2 


It was also noticed that continued passage, especially when the 
sub-inoculations were made from mice in the first attack, tended 
slightly to shorten the incubation period and to enhance the virulence 
of the spirochaete for these animals—a finding similar to those of 
Collier (1925) and Plaut (1925). In contradistinction, however, 
to the work of these observers and also of Sagel (1928) the virulence 
for man was not lost or at least diminished, for the writer himself 
became accidentally infected in the course of these investigations 
(Gray, 1928). 

Werner (1924) noted that in mice inoculated with Treponema 
duttont in blood taken from the human subject during afebrile 
intervals, the incubation period was longest when the blood was taken 
on the first or second day of the interval. 

In vats the incubation period varied between one and nine days, 
the longer periods being observed when large doses of ‘ sulfarsenol ’ 
were given intramuscularly or of ‘ g14’ intravenously (v. t/fra). 

In the young guinea-pig which was infected, the incubation was 
sixteen days. 

The earliest observation of spirochaetes by the dark-ground 
illumination method in the peripheral blood of the first monkey was 
two days, and of the second monkey thirteen days after inoculation. 
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It is of interest, however, to note that of the mice which were 
inoculated at frequent intervals with the second monkey’s blood, 
the first mouse to become infected was the one injected on the seventh 
day after the inoculation of the monkey. 


FEATURES OF THE DISEASE 


The features of the disease produced in the various animals 
varied considerably. Relapses were observed in mice, rats, and the 
monkeys. In differentiating one attack from another, absence of 
spirochaetes from the circulating blood for two consecutive days 
as shown by the dark-ground illumination method was arbitrarily 
taken as the criterion of an interval. 

In mice the number of attacks noted varied between two and 
five (lable I). The condition proved fatal in 19 per cent. of the 
mice inoculated, but it was impossible to calculate the exact mortality 
due to the spirochaetal infection owing to the presence of inter- 
current disease such as mouse-typhoid. Most of the animals which 
succumbed did so in the first attack, but occasionally death occurred 
during the second or third attack. In contradistinction to the 
findings of Tomioka (1924) neither the percentage of deaths was 
higher nor the number of relapses greater after percutaneous than 
after subcutaneous or intraperitoneal inoculation. Of the mice 
which survived, one was found to harbour the organism in the 
circulating blood four and a half months subsequent to the date of 
inoculation. Persistence of infection of the blood in human cases 
has been recorded by Ehrlich, Weichbrodt (1920), Mayer (1922), and 
Werner (1924), and in a rat by Todd (1920). 


PRESENCE OF THE SPIROCHAETES IN THE CIRCULATING BLOopD. 


With the onset of the first attack in mice, the number of 
spirochaetes increased fairly rapidly and after remaining at a fairly 
constant high level for from four to twelve days decreased abruptly. 
At the height of the first attack, often as many as fifty organisms 
were present in each field of the dark-ground microscope 
(magnification = 720)—a much greater number than in human blood 
infected with Treponema duttont. | Not infrequently when the 
first attack of the mouse was of long duration—e.g., ten days or 
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more—there was for one or two days about the middle of the attack 
a very considerable decrease in the number of organisms present in 
the circulating blood (Table I). 

An interval of from two to eleven days followed the first attack 
(lable I). Thereafter spirochaetes reappeared in the circulating 
blood. During such a remission although as judged by the dark- 
ground illumination method, the blood did not contain the organisms, 
it remained infective for healthy mice—a finding similar to those of 
Novy and Knapp (1906), Breinl and Kinghorn (1906), Weichbrodt 
(1921), Darling (1909), and Moselli (1923). The third and fourth 
attacks, each of which lasted for one to three days, occurred at 
intervals of one to eight days. 

In contradistinction to Moczutkowsky (1882) it was found that 
the number of organisms (visible in the blood) in each successive 
attack became smaller. The statement of von Limbeck (1901) 
that the organisms are not uniformly distributed throughout the 
blood was confirmed for on several occasions they were found to be 
much more numerous in the heart blood than in blood taken from 
the tail. 

In vals, the number of attacks noted never exceeded three. 
Buschke and Kro6d (1923) found that white rats showed illness 
for weeks after inoculation and although the spirochaetes could not 
be demonstrated in their blood, inoculation of tissue emulsion into 
other animals, however, produced the disease. Toyota (1919) with 
a Manchurian strain obtained relapses in rats only after the 
204th passage and Bates, Dunn, and St. John (1921) only occasionally 
obtained a relapse rats. Selwyn-Clarke, Le and 
Ingram (1923), working with a Gold Coast strain, found that while 
black rats had only one attack, pouched rats had a relapse as_ well. 

The young guinea-pig which was infected with a large amount 
of mouse-blood rich in spirochaetes showed for two days fairly 
numerous organisms in its circulating blood. It died on the third 
day of the disease. 

The monkeys were inoculated with infected mouse blood sub- 
cutaneously. The spirochaetes were never numerous in the peri- 
pheral blood and, as judged by the dark-ground method, were not 
present for longer than a day at a time. Their numbers and certain 
of the blood changes are depicted in the charts. During each of its 
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two attacks the first animal was irritable and its skin became dry. 
The respirations were greatly increased, the alae nasi moving with 
each respiration and diarrhoea was fairly severe. The temperature 
and pulse were also increased. This monkey died on the thirty- 
seventh day of the experiment. . 

A good illustration of an abortive attack as described by 
Mayer (1922) and the writer (1928) is depicted in the chart between 
11th and 13th December. Although no spirochaetes were observed 
on these dates the temperature, pulse, respirations, white blood 
count, and percentage of lymphocytes all showed distinct rises. 

The second monkey did not present symptoms even on the four 
occasions on which spirochaetes were observed and it eventually 
survived the experiment only to succumb to pneumonia two months 
later. It is noteworthy that the temperature, pulse, and respirations 
were irregular, showing no constant deviations during the four 
attacks. By the inoculation of healthy mice it was shown that this 
monkey’s blood continued to be infective for 44 days subsequent to 
inoculation :—thereafter it failed to produce the disease. 


(CHANGES IN THE BLOOD COUNT AND BLOOD PICTURE. 


Daily observations were made on the blood of both monkeys 
(see charts). During the actual attacks there was a diminution in 
the number of red blood corpuscles and in the haemoglobin, but with 
each remission the number of red cells again rose though not quite to 
the previous level. Mayer (1922) states that this rise during 
convalescence is delayed if the spirochaetes persist in the blood. 
While reticulocytes were numerous there was no poiklocytosis or 
polychromatophilia as noted by Suldey (1920) in human cases in 
Madagascar and no evidence of the aplastic type of anaemia stated 
by Manson-Bahr to be especially noticeable in the African Tick Fever. 

A rise in the white blood count was noted in connection with each 
attack, due to a marked increase in the number of lymphocytes (see 
charts). This change usually reached its maximum on the day 
preceding the attack but was occasionally delayed until the day of 
the attack. This is in keeping with the observation by Suldey of an 
increase of large mononuclears at the crisis but his statements as to 
a leucopenia and a relative lymphocytosis during the intervals were 
not confirmed. Karawacki and Krakowska (1921) state that the 
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relative lymphocytosis during the intervals is seen only when 
a relapse is to occur. A leucocytosis during the attacks, due to an 
increase in the number of polymorpho-nuclear neutrophil cells, has 
been noted by many observers, e.g., Suldey, Maver, Kartackeft (1925) 
and Héglund (1927), and Karawacki and Krakowska state that 
this leucocytosis persists for some days after the crisis. It is 
interesting to note that Manson and Thornton (1919) found a leuco- 
cytosis in the cases in East Africa only when the temperature was 
high or when some complication such as severe bronchitis was 
present. Kartacheft’s observations of phagocytosis of the sipro- 
chaetes and the deflection of the Arneth Index to the left were not 
confirmed. According to Mayer this change in the Arneth Index 
persists if the spirochaetes remain in the blood after the febrile 
period. 

Several workers have noted during the febrile stages either 
entire absence or unusual paucity of the eosinophil cells (Jouveau- 
Dubreuil, 1919; Lebouef and Gambier, 1919; and Suldey). The 
first-mentioned points out that in his cases in Western China this 
aneosinophilia, which incidentally he found to be the only marked 
alteration from the normal blood, is especially noteworthy owing 
to the prevalence of concomitant parasitic infections of the intestine. 
He also states that the number of eosinophils does not rise in the 
intervals until after the final attack. © Suldey’s contention, however, 
that in the intervals there may be a relative eosinophilia throws 
doubt on the efficacy of using this sudden rise, as suggested by 
Jouveau-Dubreuil, as an aid in determining, after the fever has 
fallen, whether or not the disease has come to an end. 

It is worthy of note that D’Avigny working in the Soudan 
epidemic of 1923 obtained results very different from the above. 
He asserts that the number of polymorph cells which was slightly 
below normal at the commencement of the disease, showed a pro- 
gressive diminution up to the crisis, after which there was an increase 
which reacted its maximum just before the relapse. This dis- 
crepancy may, to some extent, be due to the fact that D’Avigny 
was working with Singalese troops, for Van den Branden and Van 
Hoof (1922) in the Congo allege that the leucocyte formula in natives 
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IMMUNITY AND SUPER-IMPOSED INFECTION. 


It was found impossible to re-infect mice or rats which had 
recovered from the disease for varying periods up to eight months—a 
result in keeping with the observations of Weichbrodt (1921), Sagel 
(1928) and Bruynoghe and Dubois (1928). Krod (1925) too, found 
that animals recovered from an infection with a Russian strain 
were immune to the same strain until after the latter’s passage 
through a clean Ornithodorus moubata when re-infection became 
possible. Nevertheless, by some the immunity is not considered 
to be absolute, for Todd (1922) states that a patient may suffer from 
the disease twice in a single winter, and Margolis (1919), Selwyn- 
Clarke, Le Fanu and Ingram (1923), Nicolle and Conseil (1923), 
Werner (1924), Oliver (1924), J. L. Kritschewsky and Brussin (1926) 
and Plaut (1928b), have all recorded what they believe to be 
re-infections at varying intervals after recovery either in the human 
subject or in animals. Hermonius (1928), too, by the administration 
of very large doses believes that he was able to re-infect mice which 
had recovered from an attack caused by Treponema duttoni five or 
six weeks previously. Weichbrodt (1920), working with the 
Hamburg and Elberfeld strains of the same organism, found that 
mice developed an immunity which was specific only for the 
homologous strain, and Bruynoghe and Dubois (1928) have suggested 
that the diversity of opinions on the subject of immunity probably 
results from the use of strains not strictly homologous. 

SUPER-IMPOSED INFECTION. In determining that a reappear- 
ance of the spirochaetes in the blood following a second inoculation 
is due to a re-infection and not to a provocation of one still 
persisting, J. L. Kritschewsky and Brussin (1926) emphasise the 
difficulty in determining whether an animal has become entirely 
free from the organisms which caused the original infection from 
which the animal has apparently recovered. The discovery by Buschke 
and Kkrooé of latent forms in the brains of such animals apparently 
recovered renders this difficulty peculiarly acute. The writer, 
however, has produced what he believes to be an tnfection super- 
imposed on a mild primary infection camparable to those recorded 
by Kudicke, Feldt and Colher (1924), Steiner and Steinteld (1926), 
J. L. Kritschewski and Brussin (1926) and Prigge (1926b and 1926c). 
Six mice were given simultaneously small equal doses of the same 
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infected blood. Four days later three of these mice received a 
further and much heavier dose, and all—as judged by the number 
of spirochaetes observed in the blood and by the unusual length 
of the attack--became much more severely infected than the three 
animals each of which had received only one dose (see Table Il). 
Similar results were obtained with Sprri/lwm minus, and the writer, 
believes that he himself suffered from a super-imposed_ infection 
(Gray, 1928). It is interesting to note, too, that Strempel and 
Armuzzi (1927a) found that mice inoculated intraperitoneally became 
immune to further intraperitoneal ioculation, but were often 
susceptible to super-imposed infection by the subcutaneous route. 


SERUM. 


In vityo experiments have been described in a previous paper 
(Gray, 1928). In contradistinction to Sawtschenko and Melkich 
(rg01) and Novy and Knapp (1906), the presence of antibodies was 
not demonstrated in either the writer’s own serum withdrawn when 
he was convalescent ; or in the sera of various animals taken at a 
crisis and during attacks, intervals and convalescence. No agglutina- 
tion or lysis was noted even after incubation at 37°C. for twenty-four 
hours. It was considered necessary to test the sera with at least 
three generations of spirochaetes (in different animals) in view of the 
work of Levaditi and Roché (1907), Jansc6 (1918), Kudicke and Feldt 
(1924), Cunningham (1925), Brussin (1925), Brussin and Rogowa 
(1927), Gori (1928) and Meleney (1928), who observed immuno- 
logical differences between the spirochaetes of the first attack and of 
the relapses. [failures to demonstrate antibodies in the serum of 
convalescents have been recorded by Bruynoghe, De Greef and 
Dubois (1927), and by Plaut (1g28b), even although the latter 
proved the patients to be completely immune to subsequent inocula- 
tion. Passage through laboratory animals, too, evidently tends 
to obliterate any serological distinctions originally demonstrable 
such as differences in antigenic properties (Kudicke, Feldt and 
Collier, 1924) or differences elicited by Rieckenberg’s adhesion test 
and immunity reactions (Brussin and Schapiro, 1928). Kro6 (1925), 
however, managed by passage through a ‘ clean’ Ornithodorus moubata 
to transform a Russian strain which had been maintained in mice 
into a distinct serological strain. 
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An attempt made to distinguish between various generations 
of relapsing fever spirochaetes by means of Rieckenberg’s reaction 
was unsuccessful, although occasionally the adhesion phenomenon 
was observed with platelets and bacteria when spirochaetes were 
brought into contact with the serum of convalescent animals. 
Brussin (1925 and 1926), however, states that in relapsing fever 
the thrombocytobarin on which the reaction depends, develops one 
or two days after the natural or therapeutically-induced crises in 
mice, and he has thereby been able to differentiate strains of the 
first and second attacks. Later, in 1927, 1n conjunction with 
Rogowa he showed that in mice inoculated with organisms of the 
second, third or fourth attacks, the spirochaetes of the first attack 
were serologically distinct from those of the inoculum, but the 
organisms of the first relapse were identical. Krantz (1926b) showed 
that under the action of the specific serum or plasma, platelets and 
bacteria adhered to the spirochaetes only when the latter were alive. 

The results with the writer’s serum and with certain of the animal 
sera withdrawn after recovery may have been due to the diminution, 
during the convalescence, of antibodies originally in the blood for 
Lowenthal, who has used an agglutination reaction for diagnostic 
purposes when spirochaetes cannot be demonstrated, found that the 
agglutinating power of both human and animal blood was greatest 
during the crisis of the attack and after the administration of spiro- 
chaetical drugs. Wenyon (1926), too, considers it probable that 
‘antibodies which bring about the disappearance of the spiro- 
chaetes in the blood, do not persist long enough to prevent relapse.’ 
Nevertheless, several of the specimens of blood tested were withdrawn 
from a mouse or rat at the time of a crisis and even these failed to 
produce any noticeable effect on successive generations of spiro- 
chaetes im vitro. This would suggest that immunity against 
re-infection does not depend upon the presence of immune substances 
in the blood. 

Tn vivo experiments were also performed. Attempts were made 
to protect and cure mice with (1) ‘immune’ sera, (2) ‘ hyper-immune ’ 
sera, and (3) ‘vaccines.’ 

(1) ‘Immune’ sera. Three doses, each of 0°75 c.c. of the writer’s 
blood withdrawn when he was convalescent, and inoculated sub- 
cutaneously into mice at intervals of from three to four days, not only 
failed to protect them from infection but, contrary to the results of 
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Brienl and Kinghorn (1906), did not even prolong the incubation 
periods. As with the 7 vitro experiments these results probably were 
not due to the diminution during convalescence of any protective 
substance which may have at one time been present, for blood with- 
drawn from a rat or mouse at a crisis failed to protect or cure mice 
from infection with the spirochaetes of various successive attacks. 
It is possible, of course, that the amounts of serum used were too 
small, for Sagel (1928) found that convalescent serum, to be of any 
use, had to be exhibited in very large doses. 

(2) ‘Hyper-1mmune’ sera (i.e., sera derived from rats after a varying 
number of inoculations with infected blood) were tried for both the 
prophylaxis and treatment of the disease in mice, but neither was 
the incubation period prolonged nor the severity of the attack 
moderated as recorded by Breinl and Kinghorn (1go06), nor were 
there attained the very favourable results obtained by Novy and 
Knapp (1906) in the treatment of infections once established. 

(3) ‘ Vaccines.’ Samples of defibrinated rats’ blood very rich in 
spirochaetes were kept for forty days at o C. and at room temperature 
and then inoculated into healthy mice. Unlike the results of Novy 
and Knapp it was found that blood so treated, even when taken 
early in the attack was not infective and even when obtained in the 
later stages did not confer immunity to subsequent inoculation 
with material known to be infected. — The inefficacy of killed 
spirochaetes to produce immunity has been demonstrated by 
Reiter (1925) and Bruynoghe (1928) and Krantz (1g26b), by means 
of the Rieckenberg reaction, demonstrated the presence of an 
anti-body which is not developed by the injection of dead spirochaetes 
but only after actual infection. 

In experiments to find the influence of dosage on the incubation 
period a number of mice were given a series of graded doses of 
infected mouse-blood. Several of the mice which received 
exceedingly high dilutions of the blood in citrate solution did not 
become infected but, on being tested later, were all found to be still 
susceptible. Reiter (1925), however, by injecting decreasing doses 
of cultural forms into a series of mice arrived at a dose which did 
not produce any evident infection and yet caused an immunity 
comparable to that which succeeds an evident infection. 

Iexperiments practically identical with those of Gori (1928) and 
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similar to those of Jansco (1918), were also performed in an 
endeavour to distinguish by immunity reactions, the spirochaetes of 
the various successive attacks in any one mouse. — Sub-inoculations 
were made during the first, second and third attacks of a mouse 
into further mice which, after recovery from the resulting infection, 
were found to be completely immune not only to the spirochaetes 
of the original attacks in each case as in Gori’s experiments but 
also to those of the other stages of the disease. 

All experiments performed in an attempt to demonstrate 
Pfeiffer’s reaction in mice with this strain of Treponema duttoni failed. 
Two series of experiments were carried out. (1) Actively-motile 
spirochaetes contained in mouse-blood were introduced into the 
peritoneal cavities of a series of mice which had become immune 
through recovery from infection and, as a control experiment, a series 
of healthy non-immune mice, At periods of one, two and four hours, 
and then daily for six days subsequent to the inoculations, fluid 
from each of the peritoneal cavities was removed by a pipette and 
examined by the dark-ground illumination method. In no case 
was there noted any difference between the two series of animals 
except, of course, that the non-immune mice developed the disease 
as shown by the presence of the spirochaetes in the blood, while the 
others did not become infected. 

(2) Actively-motile spirochactes contained in mouse-blood were 
introduced into the peritoneal cavities of normal mice, some along 
with } ¢c.c. serum of another mouse obtained at the crisis or obtained 
after recovery from all attacks, and others with § c.c. of the writer’s 
serum taken subsequent to his recovery from an accidental infection. 
Control experiments in which no serum was introduced, were per- 
formed in parallel. As before, successive samples of the peritoneal 
fluid were examined by the dark-ground illumination method. No 
difference was noted, however, between the two series of mice, all 
the mice of both series becoming infected in this case. 


PERSISTENCE OF SPIROCHAETES IN THE TISSUES. 
Spirochaetes may persist in the body after the apparent recovery 
of the host. Healthy mice were inoculated with the heart-blood 
and emulsions of various organs of recovered animals. By this 
method latent forms were found in the brain of a mouse which had 
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experienced its last attack thirty-eight days prior to being killed, 
even although its heart-blood and other organs were negative. 
This is in keeping with the work of Kro6é (1926) and of Schauder 
(1928) but contradictory to the assertion of Prigge (1g26b and 
1926c) that if spirochaetes are present in the brain they must also 
necessarily be present in the circulating blood. Latent forms in the 
brain were first demonstrated by Buschke and Kroo (1923), the 
latter worker showing in 1926 that the brain may harbour them as 
long as ninety days after apparent recovery. Indeed, it has been 
suggested that immunity to further infection lasts only for, and is 
due to the persistence of the spirochaetes in the brain (Bruynoghe, 
1928), but this has been contradicted by Prigge (1926b and 1926c). 
Steiner and Steinfeld (1925), and Strempel and Armuzzi (1927), 
believe that they are not resistant to antibodies in the serum of the 
same animal. These persistent forms in mice brain are said to be 
more commonly found after re-infections (Hermonius, 1928), and 
when the strain of infecting spirochaete has recently been isolated 
from a human case, than when the organism has been maintained 
for long in laboratory animals (Prigge and Rothermundt, 1928). 

Steiner and Schauder (1925) have demonstrated persistent forms 
in the bone marrow as well as 1n the brain, and believe, in contradis- 
tinction to Strempel and Armuzzi (1927a), that the presence of 
resistant forms is a regular phenomenon. Levaditi and Anderson 
(1928) believe the persistent forms in the brain, as they are invisible 
vet not filterable, to be intimately associated with the nerve cells, 
and Plaut (1g28a) has shown that splenectomy has no effect on them. 

Although several workers, including Krantz (1926), Kro6 (1926), 
Johannessohn (1926), Lebedjeva and Ssinjuschiva (1927) and 
Schauder (1928), have demonstrated these latent forms even after 
treatment with salvarsan, Johannessohn states that they are not 
salvarsan-fast, and Prigge (1g26b and 1926c) and Schreus and 
Weisbecker (1926) assert that when sufficient and carly doses of sal- 
varsan are given, the spirochaetes quickly disappear from the brain 
of mice. 

J. L. Kritschewski (1927) found that different races of relapsing- 
fever spirochaetes differ in their power to persist in the central 
nervous system and claimed to have shown the existence of neurop- 
tropic as distinct from somatotropic races of spirochaetes. Steiner 
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and Steinfeld (1927) and VPlaut (1g28a) believe that these latent 
forms never re-invade the blood-stream ‘ which, with its antibodies 
appears to act as an impenetrable barrier.’ Aznar (1926), however, 
showed that the injection of Trvpanosoma brucei or Trypanosoma 
gambiense into a mouse, recovered from a spirochaetal infection 
five months previously, would cause a reappearance of the 
spirochaetes in the blood two or three days later, and that the 
-pirochaetes sometimes persisted there one or two days after 
the trypanosomes had appeared in the blood. Savini (1923), 
Wenyon (1927), Vincent (1927) and Bruynoghe (1928), have 
obtained similar results and the writer found that 
inoculation with Trypanosoma brucet of rats and mice apparently 
recovered from infections with Treponema duttont and Spirillin 
minus May cause a reappearance of the spirochaetes in the 
circulating blood in from one to four days. In over twenty mice 
which had recovered from infection with Treponema duttont from 
periods up to four anda half months previous to the imoculation 
with the trypanosomes it was found that if the last attack had 
occurred more than one month before, no reappearance of the 
spirochaetes was produced. addition, the observation of 
Bruynoghe (1928) was confirmed in that infection with Spirillum 
minus of a mouse recovered from relapsing fever two or three months 
previously will often cause the spirochaetes to reappear. 

It is noteworthy that Joseph (1926) showed that in rats which 
had apparently recovered from a relapsing fever infection, inoculation 
with nagana trypanosomes did not clear the brain of the spirochactes. 


TREATMENT WITH ORGANIC ARSENICALS AND BISMUTH. 


The preparation of arsenic which the writer used first was 
sulphostab,’ i.c., diaoxydiamino-arsenobenzol-sodium formalde- 
hyde-bisulphite,’ as prepared by Messrs. Boots Pure Drug Co. Ltd. 
This preparation was chosen as being one which could be administered 
subcutaneously without pain or subsequent local reaction. Doses 
of from 0°04 to 0°32 grams per kilo. of body weight given at intervals 
of six to seven days were found to be valueless in protecting and 
treating mice. 
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‘TABLE III. 


DEMONSTRATING THE ABSENCE OF PRorecrivE Properrits oF ‘THERAPEUTIC 
*“SuLpHosraB’ FOR Mice. 


DoskEs OF 


Kach of the mice 206 to 211 was given subcutaneously a therapeutic dose of the drug (in the 
proportion of o*og gram to each kilo of body weight) every 6th or 7th day, and was inoculated with 
infected blood on the 3rd day after the first dose. 


no ‘sulphostab.’ 


Mouse 211A was used as a control, being given 
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Day 1 denotes the day on which the animals were inoculated with the infected 
inaterial. (‘The figures are used as in the previous ‘Tables.) 
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Each of the mice 212 to 215 was given subcutaneously a varying dose of the drug every 6th ot 
yth day, and was inoculated with the infected material at the same time as the first injection of the 


drug. 
previous ‘Tables.) 
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Mouse 220 was used as a control, being given no ‘ sulphostab.’ 


(The figures are used as in the 
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‘ Bismostab,’ a suspension of finely-divided metallic bismuth in 


~ 


per cent. glucose solution also prepared by Messrs Boots, was 


administered subcutaneously in doses equivalent by weight to that 
recommended as the therapeutic dose for man and up to eight times 
that amount, but was also found to be valueless for prophylaxis. 
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‘TABLE V. 


DEMONSTRATING THE ABSENCE OF Prorecrive Properties ov THerareuric Hyperroxic Doser: 
OF * Bismosvan’ GIVEN EVERY OTH Day, rue Firsr Dost BEING GIVEN SIMULTANEOUSLY 
WITH ‘THE INOCULATION WITH THE INFECrED MATERIAL. 
A therapeutic dose of the drug was calculated as 3°6 gm. per kilo. of body weight. Mouse 225 
was used as a control, being given no * bismostab.’ (‘The figures are used as in the previous ‘Vables., 


Number of 
‘Therapeutic 


doses of Days 
bismostab 
every Oth day| 3]4 5 6 | 13} | 
| | | 
Nl se 99 . | > 
| | | | 
| | 
| 
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Sulphostab,’ in conjunction with bismostab’ was then tried. 
While amounts equal to eight times the ordinary therapeutic doses 
of the two drugs when given together were in one case found to 
protect, smaller amounts were of no effect, and doses equivalent 
by weight to ten times the recommended amounts for man were 
rapidly fatal. The margin between the efficient and the lethal doses 
of the two drugs was, therefore, of the smallest. 


TABLE VI. 
DEMONSTRATING THE Provecrive Properties OF Iiyperroxic Doses oF 
AND ‘ BIsMOSTAB’ GIVEN SIMULTANEOUSLY EVERY OTH Day. 

Mice 226 to 229 were given varying doses of the drugs, the first doses being administered 
simultancously with the inoculation with the infected material. Mouse 229, which received amounts 
equal to 8 times the ordinary therapeutic doses, did not develop the disease, but mice 226 to 228, which 
all received smaller doses, and the control mouse 230, which received no drug at all, all became infected. 
A therapeutic dose of ‘ sulphostab ’ was calculated as orog gram, and of * bismostab’ as 3°6 gram per 
hilo of body weight. (The figures are used as in the previous Tables.) 


Number of | 
Therapeutic doses Days 
given every 6 days | 


‘Sulpho- ‘ Bismo- | | 
stab’ stab” 2/354) tol 13] 14, 15] 16 
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Sulfarsenol was then administered to rats intramuscularly and 
‘gi4’ intravenously in doses of from one to four centigrams per 
kilo. of body weight. Apart from the fact that the incubation 
period was increased with these drugs on the average by two days 
beyond the five days of the control rats, there was no noticeable 
effect of the drug. 

In view of the high resistance of the strain to arsenic as shown 
by the above experiments with sulfarsenol, ‘914’ and also by the 
inefficacy of intravenous injections of xovarsenobillon in the case of 
the writer who himself became accidently infected, any deprecatory 
remark as to the therapeutic efficiency of the drugs tried would be 
unwarranted. Numerous infections with arsenic resistant strains 
are recorded both in humans (for references see Gray (1928)) and 
in animals (J. L. Kritschewsky and Lyjass (1925), Collier (1925), Plaut 
(1925), L. W. Kritschewsky (1926), Bruynoghe (1928), and IP. Nicolle 
(1928)). J. L. Kritschewsky (1927b) found considerable variations 
in the susceptibility of seven different strains of relapsing-fever 
spirochaetes to therapeutic doses of salvarsan and Krantz (1926a), 
has brought forward some evidence suggesting that the action of 
salvarsan is correlated with the development of antibodies so that 
it is not necessarily greatest in the early stages of the infection. 


SUMMARY 


Various experiments on laboratory animals with a stram of 
Treponema duttoni are recorded, and the results obtained are com- 
pared with those of other workers. 

Susceptible Animals. Mice, rats, a young guinea-pig and Macact 
simict were successfully infected. Adult guinea-pigs and rabbits 
proved refractory. 

Avenues of Infection. Inoculation of susceptible animals with 
infective material by the subcutaneous and intraperitoneal routes 
always produced the infection. It was found that the spirochacte 
could pass through the unbroken skin and mucuous membranes of 
the nose and alimentary canal. The question of placental trans- 
mission is discussed. 

The incubation period for mice varied between one and sixteen 
days. Factors influencing the length of the period have been 


studied. 
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The Attacks. Several attacks were experienced by mice, rats and 
monkeys, the greatest number of these species respectively being 
five, three and four. The duration, severity and mortality of the 
attacks have been studied. 

The Spirochaetes. The duration of the presence, the numbers 
and the distribution of the organisms in the blood have been studied. 
Frequently, about the middle of a prolonged first attack in a mouse, 
there was observed a marked decrease in the number of organisms 
present in the circulating blood. 

The Cellular Changes in the Blood, as observed in the monkeys, 
took the form of (1) a progressive diminution in the number of red 
cells and in the haemoglobin associated with the presence of reticu- 
locytes, and (2) during each attack a leucocytosis with a marked 
relative lymphocytosis. 

Immunity and Serology. Mice and rats could not be re-infected, 
but a second infection could be super-imposed on an existing primary 
one. 

Antibodies were not demonstrated in the blood of an infected 
human subject and animals either by 7 vitro or in vive experiments 
even when the serum was obtained at a crisis. No protective or 
curative properties could be ascribed to ‘immune’ sera, ‘ hyper- 
immune’ sera or ‘ vaccines.’ The spirochaetes of the various attacks 
in any one animal could not be distinguished by immunity reactions, 
and efforts to demonstrate the Pfeiffer Reaction failed. 

Persistent Torms. Persistent forms were demonstrated in the 
brains of mice after apparent recovery even when the blood was not 
infective to susceptible animals. 

Inoculation of an apparently recovered mouse or rat with 
Trvpanosoma briucet or Spirillum minus sometimes caused the 
spirochaete to reappear in the circulating blood after it had dis- 
appeared following recovery. 

Arsenic Resistance. he strain was markedly resistant to organic 
arsenicals, Arsenical preparations, either alone or combined with 
bismuth, had neither prophylactic nor therapeutic value except 
in one mouse to which was administered hypertoxic and almost 
lethal doses of ‘sulphostab’ combined with ‘ bismostab.’ The 
only noticeable effect of the intramuscular administration of sulfar- 
senol and intravenous injection of ‘ g14’ to rats was slightly to 
lengthen the incubation period. 
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THE DISTRIBUTION OF SANDFLIES 
AND LEISHMANIASIS IN PALESTINE, 
SYRIA AND MESOPOTAMIA 


BY 


S. ADLER, M.B., Cr.B. 


AND 


O. THEODOR, Px.D. 
(Microbiological Institute, Hebrew University, Jerusalem) 
(Received for publication 7 March, 1920) 


PLATE ITV AND Two Maps 


From May 12th, 1928, to October 20th, 1928, we carried out a 
survey of sandflies in Mesopotamia, Syria and Transjordania, in 
relation to the distribution of Leishmaniasis in addition to the 
study of sandflies in Palestine on which we have been engaged since 
the summer of 1924. We concentrated particularly on localities 
from which Leishmaniasis has been recorded but we also examined 
districts in which Leishmaniasis is unknown. Obviously a survey 
of such a large area in the space of one summer cannot be complete, 
but it indicates the salient features in the distribution of the more 
important species, for it includes the extremes and all gradations of 
topographical and climatic variations within the large area examined. 

In carrying out this work we were greatly helped by the Public 
Health authorities and we have to thank Dr. Briercliffe of Jerusalem, 
Dr. Blofield of Amman, Major Hallinan, Major Heggs, Dr. A. E. Mills, 
Dr. Hannah Khayat and Dr. Sammi Beg of Baghdad, Colonel Causeret 
and Dr. Mandour of Beyrout, Colonel Dagorn and Major Sondag 
of Aleppo. 

The distribution of Leishmaniasis in the countries under considera- 
tion is probably wider than the literature on the subject indicates, 
for with the increasing use of microscopical and cultural methods 
of diagnosis new foci are being discovered. 

Cutaneous Leishmaniasis apart from the large endemic centres 
in Baghdad, Mosul and Aleppo is distributed irregularly throughout 
the whole area examined. 
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Visceral Leishmaniasis has been recorded only from the Lebanon. 
Lépine and Hitti (1927) recorded three cases, Professor Vregille of 
the French University of Beyrout has observed two cases of infantile 
Leishmaniasis in Beyrout City and Professor Hinshaw, of the 
American University of Beyrout, informs us that he observed one case 
from Tripoli. 

Cutaneous Leishmaniasis in dogs is known to occur in Baghdad 
and Aleppo. Visceral canine Leishmaniasis has not yet been 
recorded. Buxton (1923) who examined 156 dogs in Jerusalem, 
Wenyon (1911) who examined rro dogs in Baghdad, and Chadwick 
and MacHattie (1927) who examined 130 dogs in Baghdad did not 
find evidence of visceral Leishmaniasis. 


METHOD OF WORK 


Sandflies were dissected in saline and the alimentary tract 
examined for Leishmania. The diagnosis was based in the case of 
females on the spermathecae, pharynx and buccal cavity, in the case 
of males on the external genitalia, pharynx and buccal cavity. 
In addition preserved material was mounted and examined, care being 
taken to mount every head in a horizontal position. The above 
mentioned characters are the only ones which are legitimate for 
the diagnosis of specimens of the genus P/lebotomus for other 
characters such as wing venation, palp and antennal formula are 
subject to great variation and when used alone give rise to confusion, 
Size and colour are also of no value for diagnosis for they vary 
enormously in each species. 


DIAGNOSIS OF SPECIES FOUND 


The character of the male genitalia is insufficient for specific 
diagnosis, ¢e.g., in P. major and P. chinensts the male genitalia are 
similar and the pattern of the male genitalia is the same throughout 
the whole minutus group. It is probable that the male genitalia 
will eventually prove to be of generic value. In our opinion sandflies 
cannot be considered as belonging to one genus but should be raised 
to the rank of a family, Phlebotomidae. For the purpose of this paper 
we refer all sandflies to the genus Phlebotomus, for a revision is not 
yet possible since most of the species are insufficiently described. 
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Phlebotomus papalasit Scop. 


The pharynx of this species (Plate IV, fig. 1) has been described 
(1926) and the spermathecae (fig. 3, a) have been described and figured 
by Grassi (1907) and Newstead (1911). This is the most widely 
distributed and commonest species in the area examined. 


Distribution and material examined. 

PALESTINE AND TRANSJORDANIA :— Jerusalem : several thousand. 
Jericho: several thousand. Haifa: 250. Amman: 120. 
Djerash: 60. Maan: 70. Mozah: 300. Rosh Pinah: 300. 
Tiberias: 120. (Males and females.) 

SYRIA :—Aleppo: 570 22 (no males caught). Hellaweh: 2 Jo, 
19% Tripoh: 636, 4 29. Batroun: 8 $3, 4 992. Kubbah: 
10929. Enfe: 1699. Beyrout: 699, 2 $4. 
Zachle: 336, 7929. Adde: 13 463, 299. Becherreh: 1 9. 
Bet Meri: 1 3,3 29. Bar Elias: 36 34, 43 29. 

MESOPOTAMIA : Baghdad: 528 29, cive. 100 $3. Mosul: ¥ 
O33. Basrah: 29 29. 

Phlebotomus sergenti Parrot (1917). 
Synonyms :—P, sergenti var. Newstead (1920). 
P. sergenti var. alexandri Sinton (1928). 

This species was first recorded from Algeria by Parrot. This 
author described only the male for at that time (1917) no criteria 
existed for diagnosing females of the genus P/lebotomus. Later 
this species was recorded also from other localities. Sinton (1925) 
described the distribution of this species. 


DESCRIPTION 

MALE, 

Size: 1-6mm., to 3 mm. 

Palp formula : 1, 2, 4, 3,5 0r I, 4, 2, 3,5 or I, (2, 4),3,5. Segment 
5 1s about as long or slightly larger than segment 2 ++ 3. 

Antennae: Geniculated spines on segments 3 to 15. Segment 
3> 4 +5. In one specimen from Bcherreh: 3 < 4 + 5. 

Pharynx (Plate IV, fig. 2; and fig. 2, b): The dentition is very 
characteristic and at once distinguishes P. sergenti from P. papatasit, 
P. major and P. chinensis. Posteriorly for a short distance the 
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teeth of the dorsal plate appear in optical section as long curved 
seales. Anteriorly they appear as long curved teeth with their axis 
longitudinal or slightly oblique. The real shape of the teeth in the 
pharynx is very difficult to determine in mounted specimens viewed 
dorsally. Their character can only be made out with certainty in 
sagittal sections. It should therefore be understood that the 
descriptions given in this paper refer only to the dorsal view of a 
flat mounted head. 

The above features were noted in one specimen from Algeria 
presented by Dr. L. Parrot, of the Institut Pasteur d’Algérie, 1n 
specimens from North China presented by Professor Patton and 
Dr. Young, and in material caught in Mesopotamia and Syria. 

The buccal cavity contains no armature. 

Spermathecae (fig. 3,c): They consist of five or six segments (never 
less than five). The superior segment is rounded and larger than 
the others which diminish in diameter from before backwards. 
The duct widens considerably at its junction with the body of the 
spermathecae. The above type of spermatheca was found in 
specimens caught in Mesopotamia and Syria. | 
MALE. 

Size: 1-5 mm. to 3 mm. 

Palps and Antennae as in the female. 

Pharynx (Plate IV, fig. 3; and fig. 2, a): Asin many sandflies the 
pharynx of the male is different from that of the female. It is 
narrower and the teeth of the dorsal plate are much less developed 
than in the female, sometimes being reduced so much that they appear 
as a network of lines as in the female of P. papatasi. The teeth of 
the lateral plates extend very far anteriorly. They point backwards 
and appear very conspicuous on account of the feeble development 
of the teeth on the dorsal plate. This type of pharynx was seen in 
males from Algeria, Northern China, Mesopotamia, Syria and in 
two males from the Caucasus presented by Professor Pavlowsky. 
(Ihese two specimens are probably P. li Popow. They will be 
referred to later.) 

Newstead (1920) described Phlebotomus sergentt var. on the 
basis of two males caught in Amara. Newstead created this variety 
on the following grounds; the third segment of the antennae is 
relatively much shorter than in P. sergenti and the distal spine bearing 
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processes of the second segment of the superior clasper are markedly 
unequal in length, the terminal process being three times as long as 
the other in contrast to P. sergenti, in which the processes are equal. 
The difference in the antennae noted by Newstead is unimportant 
as the relative length of these organs and their segments is subject 
to variations. Newstead’s figures when measured show the same 
relation between the third and fourth segment both in P. sergenti var. 
and P. sergenti Parrot. Newstead illustrates the difference between 
the genitalia of P. sergenti var. and P. sergentt in a diagram. The 
figure given by Newstead for the genitalia of P. sergenti var. is 
exactly similar to that given by Parrot (1917) in his original descrip- 
tion of P. sergenti. The apparent: differences noted by Newstead 
depend purely on the position of the genitalia in mounting. We 
had an opportunity of studying this point in a large number of 
males caught in Baghdad. The terminal spine bearing processes 
of the distal segment of the superior claspers are almost constantly 
equal but mounted laterally one often appears longer than the other. 
Sinton (1928) accepting Newstead’s description of P. sergenti var. 
created the variety of P. sergenti var. alexandri ; for reasons given 
above we consider this a synonym of LP. sergenti Parrot. 

P. sergenti differs from P. sergenti var. mongolensts Sinton (1928) 
in the following points. In the female the spermathecae of P. sergenti 
var. mongolensis consist of only four to five segments (fig. 3, d@); as in 
P. sergenti the superior segment is much wider than the others. 
The superior clasper of P. sergenti is about two and a half times as 
long as it is broad ; in P. sergenti var. mongolensis it is five times as 
long as broad. The distal spine bearing processes of P. sergenli 
when seen from above are equal in length ; those of P. sergentt var. 
mongolensis are markedly unequal (fig. 1, c-d). The intromittant organ 
in P. sergentt tapers uniformly, ending in a little knob, sometimes a 
rudimentary hook ; in P. sergenti var. mongolensts it is much blunter 
and the dorsal hook is rather strongly developed. The intromittant 
organ of P. li is very similar to that of P. sergenti var. mongolensis 
(fig. 4, d-e). In all other respects P. sergenti and P. sergentt var. 
mongolensis are indistinguishable. 

Wecompared P. sergenti from Algeria, Mesopotamia and Syria, with 
two specimens from the Caucasus presented by Professor Pavlowsky. 
The only difference noted was that the pedicle bearing a brush on the 
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Vic. 1. Second segment of superior clasper of male of (a) Phlebotomus major ; (b) Pbhicbotomus 
major Var. pernictosus ; (c) Phlebotomus sergenti ; (d) Phlebotomus sergenti var. mongolensis. (c) and (d) 
ventral view. | 


Fic. 2. Pharynx of Phlcbotomus sergenti. (a) Male; (6) Female. 
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first segment of the superior clasper was much wider than that of 
P. sergentt. The broad pedicle is a constant feature for P. /i Popow 
(1925), and Sinton (1928) did not find intermediate forms between 
P. li and P. sergenti. Until females of P. /: are examined it will be 
impossible to decide whether P. Ji is a distinct species or, as Parrot 
thinks, a variety of P. sergentt. 

Distribution and material examined. Baghdad: 683 22, 200 33. 
Mosul: 22 99. Aleppo: III 99, 50 33. Bcherreh: 1 Q. 


Phlebotomus major, Annandale (1911). 


The diagnostic characters in this species are to be found in the 
spermathecae and the pharynx in the female, pharynx and external 
genitalia in the male. 

Pharynx (Plate IV, fig. 4): The teeth appear in both sexes as 
parallel rows of points. The lateral part of the toothed area extends 
anteriorly as far as or slightly further than the median part. 

Spermatheca (fig. 3, 6): The spermathecae consist of about twelve 
segments and have a long thin tubular process (neck according to 
Sinton) terminating in a little club-shaped thickening bearing a tuft of 
hairs. 

Male genitalia. The male genitalia in general outline resemble 
those of P. chinensis but, as Sinton (1928) has pointed out, the 
intromittant organ in P. major has a blunt rounded tip, while in 
P. chinensis it bears a tubercle on its ventral side near the tip (fig. 4, 5). 

Franga and Parrot (1921) considered P. perniciosus Newstead 
to be a variety of P. major and named it P. major var. perniciosus. 
Newstead (1911) in his original description of P. permiciosus pointed 
out that the intromittant organ is bifid (fig. 4, c). An examination 
of specimens from Algeria and France showed all the males to have 
a bifid intromittant organ, i.e., they are P. major var. perniciosus. 
The pharynx in: both sexes and the spermathecae in the females are 
similar to those of P. major. In P. major var. perniciosus the two 
middle spines on the superior clasper are situated half way between 
the proximal one and the two terminal ones; in P. major from 
Palestine and Syria the two middle spines are always situated 
very near the proximal spine (fig. I, a-0). 

In Syria and Palestine we found only males with an intromittant 
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organ characteristic of P. major. We therefore assume that P. major 
var. perniciosus is absent or very rare in Syria and Palestine. 
Distribution and material examined. Jerusalem: 5 22, 3 34. 
Mozah: 15 ?9,6 33. Haifa: 30 99,12 33. Rosh Pinah: g ??, 
463. Aleppo: 19. Batroun: 4433, 2 99. Kubbah: 33, 
299. Enfeh: 1. Bcherreh: 1 3, 8 99. Cedar Grove: I Q. 
Beth Meri: 4 6d, 11 99. Bar Elias: 2 99. Adde: 7 33, 5 29. 


Zachle: 2 929. 
Phlebotomus chinensis Newstead. 


Synonym :—P. major var. chinensis Newstead (1916). 


This species has until recently been considered a variety of 
P. major. The authors (1928) pointed out that P. chinensis must be 
considered a distinct species for the pharynx and spermathecae in 
the female and the pharynx in the male are very different from 
those of P. major. Sinton (1928) and Sinton and Barraud (1928) 
have described and figured the essential differences between 
P. chinensis and P. major, Patton and Hindle (1928) considered 
P. chinensis to be a sub-species of P. mayor but the differences between 
the important characters in the two sandflies are very striking and 
constant. 

FEMALE. 

Size: Specimens from China and Syria 2:6 mm. to 3:2 mm. 
Specimens from Palestine 1-6 mm. to 1:38 mm. 

Palps: 1, 4, (2, 3), 5. In one specimen 1, (2, 3, 4), 5. 

Antennae: Segment3 > 44+ 5. 3 <44+5+4+ 6. 

Phavynx (Plate IV, figs. 5-6): The toothed area in the pharynx 
is triangular, the apex of the triangle being anterior. The teeth in 
optical section appear as fine wedges. They are more numerous and 
smaller than those of P. sergentz. 

Spermathecae (fig. 3, e): The spermathecae are much larger than 
those of P. major. They are spindle-shaped, feebly chitinised 
and the segmentation is incomplete and very faint. Anteriorly 
there is a short process bearing a tuft of hairs. The ducts are very 
wide and feebly chitinised. 

Wings (fig. 5): The wings show considerable variations. In 
specimens from China and Syria the wing index a/§ varies 
from I-75 mm, to 2:3 mm., in specimens from Rosh Pinah in Palestine 
from mm. to 1-6 mm. 
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Fic. 3. Spermathecae of (a) Phlebotomus papatasii ; (b) Phlebotomus major ; (c) Phlebotomus 
sergenti ; (d) Phlebotomus sergenti var. mongolensis ; (¢) Phlebotomus chinensis. 


Fic. 4. Intromittant organ of (a) Phlebotomus chinensis from Syria. Dotted line indicates 
P. chinensis from China. (6) Phlebotomus major; (c) Phlebotomus major var. perniciosus ; 
(d) Phlebotomus sergenti var. mongolensis ; (e) Phlebotomus sergentt. 


Fic. 5. Wing of P. chinensis from Aleppo, showing variation in wing index. The dotted 
outline of the small wing gives the size of specimens trom Rosh Pinah as compared to those of Aleppo. 
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MALE. 


Size, palps, antennae, pharynx and wings as in the female. 

External gemtalia: These are in general outline very similar to 
those of P. major. Sinton (1928) pointed out several differences 
between the genitalia of P. chinensis and P. major, namely the 
presence of a tubercle on the intromittant organ of P. chinensis. 
This tubercle is rather strongly developed in specimens from Aleppo, 
in specimens from China it is much flatter and situated further away 
from the tip (fig. 4, a). 

It is probable that the specimens captured in Rosh Pinah represent 
a local race for they are much smaller than those from China and 
Syria. A comparison of specimens from China presented by Professor 
Patton and Dr. Young, two specimens from India presented by Major 
Sinton, and of thirteen specimens from Syria with those from Rosh 
Pinah showed that the former varied from 2-6 mm. to 3:2 mm. in 
size, and the latter from 1-6 mm. to 1-8 mm. _ There were no inter- 
mediate forms. 

P. chinensis has previously been recorded from Northern China 
(Newstead, Patton and Hindle, Young and Hertig), from the 
Himalayas in India (Sinton, 1928) and from the Caucasus (Sinton, 
1928). It therefore has a very wide distribution from Northern 
China to Syria. It is probably present in other parts of the 
Mediterranean basin but has been overlooked because of its superficial 
resemblance to P. major. 

Distribution and material examined. Aleppo: 8 29, 4 36. 
Bcherreh: 1 9. Rosh Pinah: 8 

The four species described above fall into Sinton’s erect-haired 
group. The table on page 279 shows their most important diagnostic 
characters. 


Phlebotomus minutus Rondani 


This species has been re-described by the authors in 1927. For 
comparison with other members of the minutus group described 
in this paper further data are given. In Mesopotamia some females 
were found which did not have a pigmented area in the buccal cavity. 
The palp formula was usually I, 2, (3, 4),5 or I, 2, 4, 3, 5, and excep- 
tionally, I, 2,3,4,5. The difference between 3 and 4 may be only 5. 

In the antennae segment 3 was always smaller than 4 + 5. 
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Taste I. 


Table of diagnostic characters for the four species of the erect-haired group. 


P. papatasii. 


P. major. 


| 


P. chinensis. 


P. sergenti. 


PharynX 


.... The teeth in optical section 


appear as _ horizontal 
scales or a network of 
lines. The pharynx is 
similar in both sexes. 


The teethin optical section | The 


appear as parallel rows of 
points. Pharynx similar 
in both sexes. 


Spermathecae 


Cylindrical and containing 


from eight to eleven 
segments. The superior 
segment is surmounted 


by a tuft of hairs. The | 


ducts are narrow and 
heavily chitinised. 


Cylindrical and contain 


about twelve segments. 
Anteriorly there is a 
long thin process with a 
club-shaped termination 
bearing a tuft of hairs. 
The ducts are narrow 
and lightly chitinised. 


Male Genitalia 


Second segment of superior 


clasper longer than in- 
ferior clasper. ‘Three 
terminal and two medial 


short spines. Inter- 
mediate appendage 
with two accessory 
appendages. 


Second segment of superior 


clasper shorter than in- 
ferior clasper. Three 
medial and two terminal 
long spines. Intro- 
mittant organ with 
rounded end. 


of the minutus group. 
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| Spindle-shaped and much 


Second 


toothed, area _ is 
triangular, the teeth in 
optical section appear as 
fine wedges. Pharynx 
similar in both sexes. 


Mate.—Narrower 


FeMALe.—Posteriorly the 


teeth appear as_ hori- 
zontal scales. Anteriorly 
as strongly marked broad 
teeth with their axis 
longitudinal or slightly 
oblique. 

than 
that of the female, teeth 
smaller. Laterally teeth 
extend further forward 
than medially. 


larger than those of 
P. major. Indications of 
incomplete segmenta- 
tion. Anteriorly a short | 
process standing on a | 
broader ring bearing a 
tuft of hairs. The ducts | 
are wide and lightly | 
chitinised. 


Consist of five 


or six 
segments. The superior 
segment is rounded. It 
is much longer and wider 
than the others and has 
a short process bearing 
a tuft of hairs. 


segment as 
P. major. Intromittant 
organ bearing tubercle 
near the tip ventrally. 


Second segment very short, 


bearing two terminal 
and two medial long 
spines. 


In the male genitalia the first segment of the superior clasper is 
constantly more than twice as long as the second. The termination 
of the intermediate appendage is blunt or club-shaped (fig. 6, f). 
The intromittant organ is blunt and broad and notched dorsally near 
its tip. This species is the most widely distributed and commonest 


Distribution and material examined. 


Pinah : 


PALESTINE :—Jerusalem : I. 
Tiberias : 


IO. 


8. Haifa: 


20. 


Jericho: 150. 
(Males 


Jaffa: 60. 
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and females.) 
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Fic. 6.  Phlebotomus baghdadis, n.sp. (a) Buccal cavity of female; (6) Pharynx of female ; 
c) Buccal cavity of male ; (d) Spermatheca. 

Intermediate appendage with intromitant organ of (e) Phlebotomus baghdadis ; (f) Phlebotomus 
minutus ; (g) Phlebotomus africanus ; (b) Wing of P. baghdadts showing variation of wing index, 


ea 


Ba 
Bd 
| 
| 
| 


281 


MESOPOTAMIA :—Baghdad: 70 29, 31 34. Mosul: 1 4. 
Basrah: 17 $4, 2 29. 

SYRIA :—Aleppo: 2 99,1 5. Becherreh: 2 99. Addeh: 2 99. 
Bar Elias: 1 3,3 29. Zachleh: 1 9. Batrun: 2 29. Kubbah: 
266. Enfeh: 1 4,5 22. 

In Baghdad specimens were frequently found feeding inside the 
ears of geckoes where they remained as long as six hours. 


Phlebotomus minutus var. niger 


We found this variety only in Ben Shemen, Palestine, on a poultry 
farm. 
Phlebotomus africanus Newstead 


This species has been sufficiently described. It 1s common in 
Palestine but was not found in Syria and Mesopotamia. This sandfly 
is In our opinion essentially an East African species and Palestine 
represents its northern limit. We found it in material from 
Stanleyville, Congo, sent by Dr. J. Schwetz. It is probably absent 
from North-West Africa. Among a large collection of sandflies 
from Algeria sent by Dr. L. Parrot we found only two species, 
P. minutus and P. parroti. The latter species has probably been 
confused with P. africanus owing to the similarity of the palp formula 
in the two species. | 

Material examined. Jericho: too. Jatla: 40. Haifa: tro. 
(Males and females.) 


Phlebotomus palestinensis Adler and Theodor (1927) 


This species is very rare. We found one female in Jericho and 
three females in Baghdad. 


Phlebotomus baghdadts n.sp. 


This sandfly is about as common in Baghdad as P. minutus. It is 
unequally distributed and was found to be very common in some 
parts of Baghdad and absent in others. The female feeds on geckoes 
and birds. 


FEMALE. 
Size: 1-7 mm. to 2 mm. 
Palp formula: 1, 2, (3, 4), 5. 
Antennae: Segment 3=4+ 5. This distinguishes it from 


a 


282 


P. minutus, in which segment 3 1s always smaller than 4 + 5. 
3 <12 +10. 

Segment 4 is in the majority of the specimens exactly half as long 
as 3. 

Wings (fig. 6, h): The wing characters are variable. ais generally 
shorter than 8, but in some specimens a was equal to 8, the wing 
index being 1. In the majority of the specimens the wing index a/8 
was between 0-5 mm. ando-75mm._ The termination of the first vein 
also varied. In some specimens it covered the half length of a, in 
others it was negative. a = 0-13 mm. to 0-3 mm. 8 = 0:3 mm. 
y = 0:22 mm. to 0-33 mm, 6 = — 0-22 mm. to + 0-14 mm. 

Buccal cavity (fig. 6, a): Pigmented area rather faint, roughly 
triangular, sometimes absent. The armature consists of a row of 
sixteen to eighteen rather broad pointed teeth standing on an 
arc concave posteriorly. The teeth in the middle are narrower 
than the side ones. The appearance of the teeth depends to some 
extent on the way the specimen is mounted. In preparations 
where the buccal cavity has been dissected out, the long points of 
the teeth are visible, in heads mounted complete they are sometimes 
not evident. The plate joining the two lateral bars of the buccal 
cavity shows a deep notch which is about three-quarters of a circle 
with a narrow opening. The proximal border of the plate has several 
blunt processes. This plate is rather heavily pigmented for some 
distance beyond the notch. Sinton figures a similar but much 
smaller notch in P. babu and a very shallow notch is present in 
shorttit. 

Pharynx (fig. 6, 6): The pharynx is rather narrow ; posteriorly 
it is about twice as wide as anteriorly. The two side plates bear 
very fine slender teeth, the dorsal plate minute short teeth. 

Spermathecae (fig. 6,d): They are similar in outline to those of 
P. africanus but they are heavily chitinised only in the superior 
three-quarters of the capsule and the duct is very wide and feebly 
chitinised. 


MALE. 

Palps and antennae as in the female. 

Wings: The variation mentioned in the female is still more 
pronounced in the male, the wing index a/8 varying from I mm. to 
0-26 mm. In one specimen, which is probably abnormal, the wing 
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index was 0:03 mm., 1.e., a was thirty times as long as B (fig. 6, /) 
(8 = 0:0176mm. ; a = 0-53 mm.). 

Buccal cavity (fig. 6, c): In the female the broad plate which bears 
the notch is deeply angulated and a trace of a pigmented area was 
visible in some specimens. ‘There are a few very fine pointed teeth 
standing on two or three curved lines but they are only visible if the 
buccal cavity is dissected out and even then appear to be absent 
in some specimens. 

Pharynx : The pharynx is similar in general shape to that of the 
female. It has no teeth but only very faint ridges. This 
distinguishes it from the pharynx of the male of P. minutus which 
has many short teeth. 

External genitalia: They are very similar to those of P. minutus 
but show some constant differences. ‘The first segment of the 
superior clasper is nearly always exactly twice as long as the second, 
while in P. minutus it is always more than twice as long. The 
end of the intermediate appendages is sharply pointed ventrally 
while in P. minutus the termination of this appendage is blunt or 
sometimes club-shaped. The intromittant organ tapers uniformly 
and has a blunt end (fig. 6, e). In P. africanus the intromittant 
organ ends in a sharp point (fig. 6, g). 

Diagnosis. This species is readily distinguished from P. minutus 
by the pharynx, buccal cavity and spermathecae in the female, as 
well as by the third antennal segment, which is relatively longer 
than in P. minutus. The male can be distinguished by the very 
small teeth in the buccal cavity, antennal formula and some slight 
differences in the genitalia. Systematically this species is closely 
related to P. shorttit and P. babu. From P. shorttit it differs in 
the shape of the notch and the teeth in the buccal cavity in both 
sexes. From P. babu it differs in the number of teeth in the buccal 
cavity (about thirty in P. babu) and the antennal formula. 

Distribution and material examined. Baghdad: 130 29, 22 34. 
Basrah : I 2,3 

Types in the Microbiological Institute, Hebrew University, 
Jerusalem. 
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Phlebotomus tvaqt, n.sp. 
Size: 2mm. 


Palp formula: 1, 2, 3, 4, 5. 

Antennae: Segment 3 < 4 + 5. 

Wings: Index a/8 =1. 6 = First vein covering half the 
length of a. a=o027 mm., B=0-27 mm. y =0-32 mm., 
6 = 0-15 mm. 

Buccal cavity (fig. 7, a): Pigmented area absent. The teeth 
(about fifty) stand on an arc convex posteriorly ; they are parallel 
and have short blunt points at both ends. In front of and parallel 
to the main ridge of teeth there is a second row of very small blunt 
teeth. 

Pharynx (fig. 7,6): Its widest part posteriorly is four times as wide 
as the narrow anterior part. It bulges out very suddenly and 
narrows again. Posteriorly there are many small slender teeth 
pointing backwards. 

Spermathecae (fig. 7, c): Wide tubes without any crenulation. 
Similar to those of P. minutus. 

Male unknown. 

Diagnosis. This species is very closely related to P. squami- 
pleurts which it resembles in every external character and in the 
structure of the buccal cavity. The pharynx of P. squamipleuris 
does not show the strong bulge nor the sudden narrowing in the 
posterior part. The spermathecae of P. tvaqi are very different 
from the spine bearing spherical spermathecae of P. squamzpleuris. 
P. iragi is also closely related to P. squamirostris Newstead (Syn. 
P. taianensis Patton and Hindle). There are some slight differences 
in the buccal cavity. The spermathecae of P. squanurosinis are much 
narrower than those of P. tvaqi ; they have narrow ducts and show 
indications of segmentation superiorly. 

Material. Baghdad: 1 2. 

Type in the Microbiological Institute, Hebrew University, 
Jerusalem. 

Phlebotomus sp. near clydet Sinton. 


A rather small, light coloured species. 
Size: I-5 mm. to 1-8 mm. 

EMALE. 
Palp formula: 1, 2, 4, 3, 5. 
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Antennae: Segment 3 <4 + 5. 

Wings Indexa/8 — 0-5mm.too-7mm. 6 usually omm., some- 
times slightly positive. @ — 0-II mm. to0-15mm.,8 = 0-22 mm. to 
0-26 mm., y = 0:22 mm. to 0:28 mm., 6 = o mm. to 0-046 mm. 

Buccal cavity (fig. 8, a): Pigmented area heart-shaped, very faint. 
Sixteen to seventeen teeth standing on a line very slightly convex 
anteriorly. The teeth are pointed and directed towards the middle 
of the buccal cavity. Behind them there is a row of small 
indentations. 

Pharynx (fig. 8, b) : The pharynx appears to be entirely unarmed. 
Posteriorly it is less than twice as wide as anteriorly. 

Spermathecae (fig. 8, e): They are segmented and very similar to 
those of P. papatasiz but smaller. They have about six to eight 
segments and narrow ducts which terminate separately. 


MALE. 

Palp, Antennae, Wings as in the female. 

Buccal cavity (fig. 8,c): A row of twelve to thirteen pointed teeth, 
similar in general arrangement to those of the female. 

Pharynx : Narrower than in the female, otherwise similar. 

External gemtalia: Minutus type. The first segment of the 
superior clasper is twice as long as the second. The intermediate 
appendage ends in a sharply-pointed beak-like process. The 
intromittant organ ends in a very sharp point (fig. 8, d). 

Diagnosis. This species resembles P. clydet very closely. The 
number and shape of the teeth in the buccal cavity of the male seem 
to be different. Some slight differences may exist in the pharynx 
which, posteriorly, is only 1-75 times as broad as anteriorly and not 
three times as in P. clydet. We found no armature in the pharynx 
whereas Sinton figures toothed ridges in P. clydet. In the male 
genitalia the first segment of the superior clasper is exactly twice 
as long as the second, while in P. clydez it is 2:3 to 2-4 times as long 
as the second segment. P. clydei is a rather big species (2-2 mm. to 
2:9 mm.) while the Palestinian species is only 1-5 mm. to 1-8 mm. 
long. The wing of P. clydei is about three-fifths of the body length 
while in our specimens it was nearly as long as the body. 

Unfortunately we had no specimens of P. clyder for comparison 
and cannot therefore determine the definite relationship of the 
Palestinian specimens to this species. . 
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Fic. 8. Phlebotomus sp. near clydet Sinton. (a) Buccal cavity of female ; (6) Pharynx of female ; 
(c) Buccal cavity of male; (d) Intermediate appendage with intromittant organ ; (e) Spermatheca. 
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Fic. 7. Phlebotomusiraqi,n.sp. (a) Buccal cavity ; (6) Pharynx ; (c) Spermatheca. 
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Material examined. 4 33, 2 29 from Tiberias, Palestine. 
Types in the Microbiological Institute, Hebrew University, 


Jerusalem. 


Key To THE Species oF THE Minutus Group Descrisep. 
(Females only). 


2. Notchin posterior part of the buccal cavity ...............eeeee P. baghdadis 
No notch in posterior part of the buccal cavity .............4. 3 

3. Pharynx broad and heavily toothed posteriorly .................. 4 
Pharynx slightly toothed posteriorly 5 


4. Spermathecae tubular opening into a wide common duct. 
Teeth in buccal cavity stand on an arc markedly convex 


Spermathecae capsules opening into separate ducts, ‘Teeth 
in buccal cavity stand on a straight line P. palestinensis 


5. Spermathecae capsular. 40 to 50 narrow teeth in buccal 
cavity standing on an arc slightly convex anteriorly. 
Pharynx twice as wide posteriorly as anteriorly ............... P. africanus 
Spermathecae tubular. ‘Teeth in buccal cavity stand on an 
arc convex posteriorly. Pharynx posteriorly four times as 
wide as anteriorly............ P. traqi 


PARASITES OF SANDFLIES OTHER THAN LEISHMANIA 


The following parasites were found :— 

1. Fungi. A fungus parasitic in the coelome and in the ova was 
found in P. papatasi in Palestine, and in P. papatasi and P. sergenti 
in Mesopotamia and Syria. Infected eggs are completely destroyed. 
This fungus has been figured by us in 1927. 

2. Nematodes. Nematodes were found in the haemocoele of 
P. papatasii and P. sergenti. Both eggs with morulae and active 
larvae were seen and free larvae were numerous in the haemocoele. 
In Baghdad two out of 683 P. sergenti and three out of 528 P. papatasit 
were found infected. The nematode larvae pass from the haemocoele 
into the ovary and may pass out together with the eggs. The larvae 
probably invade the sandfly larvae and undergo a cycle of develop- 
ment. Several laboratory bred sandflies were found infected, 

3. A Crithidia of P. baghdadis. In five out of 78 2 specimens a 
Crithidia was found in the midgut. In four specimens the cardia and 
stomach were infected and in one specimen which showed a slight 
infection only the upper part of the cardia was invaded. In the 


| 
oe 
te 


288 


cardia the flagellates were found attached to the rhabdorium by 
their flagella. 
Types of Parasites Found. 

I. Rounded or irregular bodies without a flagellum (about 9# in 
diameter) with a single nucleus and one or two blepharoplasts ; they 
may have many protoplasmic vacuoles and chromatoid bodies 


(fig. 9, a-c). 


T 
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Fic. 9. A Crithidia of P. baghdadis. (a-c) Rounded torms without flagellum; (d-h) Short 
and intermediate flagellates with varying length of flagellum ; (i-/) Long forms. 


2. Short and intermediate flagellates with or without a free 
flagellum (10u to 164). Some of these forms were vacuolated and 
contained chromatoid bodies (fig. 9, d-/). 

3. Long flagellates (up to 274) (fig. g, 7-1). The free part of the 
flagellum may or may not be very short. These forms were found in 
the cardia. The blepharoplast is usually very close to the nucleus 
which is central or slightly posterior. A slightly eosinophile flagellar 
vacuole was present in all forms. Ihe protoplasmic vacuoles when 
present were often very large, sometimes larger than the nucleus. 
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The chromatoid bodies were in some specimens very numerous and 
they were often much larger than the blepharoplast. 

The fact that one specimen of P. baghdadis showed flagellates 
in the cardia and not in the stomach and hindgut indicates that 
transmission to the vertebrate host is by the bite of the insect, 
although infection by ingestion or infected sandflies is also to be 
expected. The vertebrate host is probably a gecko, though culture 
of the heart’s blood of forty-seven geckoes in Baghdad gave negative 
results. Geckoes were occasionally observed eating sandflies. 

Flagellates were inoculated into two scarified points on the left 
forearm of a human being (9.6.28). As was to be expected the result 
was negative. 

4. Mutes. Mites were occasionally found attached to the 
abdomen of P. papatasii and P. sergenti without apparently doing 
any harm to the sandflies. 

5. Sporozoa. An odcyst of a sporozoon, probably a Hepatozoon 
sp., was found in a single specimen of P. papatasii in Jericho, in 1925. 
This parasite has been previously described (1925). The result of the 
inoculation of sporozoites into two human beings is still negative. 


THE RELATION OF SANDFLIES OF THE ERECT-HAIRED 
GROUP IN RELATION TO VISCERAL LEISHMANIASIS 


In the case of Mediterranean visceral Leishmaniasis there is 
unfortunately very little experimental evidence to incriminate any 
particular species of Phlebotomus. The situation is further compli- 
cated by the fact that the distribution of species in the Mediterranean 
basin is not known with any degree of accuracy, for in all the 
publications on the sandflies of this region the diagnosis of species 
was based on insufficient data. In the area under discussion, 
visceral Leishmaniasis is confined to the Lebanon (see Map No. 1) 
where the following species occur. 

P. papatasii. This species occurs everywhere in this region 
below the level of 1,650 metres. 

P. major. This species is found in localities showing great 
topographical and climatical variations. It occurs in the plain at 
the foot of the Lebanon and in the hills up to a height of 2,000 metres. 
We found one female in a house in the ancient cedar grove near 
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Bcherreh, 2,000 metres above sea level. This grove is said to be 
under snow for six months in the year. P. major is relatively more 
common in the mountains than in the coastal plain. 

P. chinensis. This species was found in Bcherreh (1,650 metres). 
It can exist within wide climatic ranges for it was also found in 
Aleppo which has a much hotter and drier climate than the Lebanon. 

P. sergentt. This species was found in Aleppo and Bcherreh. 

Of the above four species the only one which has been incriminated 
experimentally by feeding experiments on infected human beings 
and animals as a vector of visceral Leishmaniasis is P. chinensis 
(Patton and Hindle, Young and Hertig). 

We have found this species in Aleppo, Bcherreh, the Lebanon 
and in Rosh Pinah near Lake Tiberias, where visceral Leishmaniasis 
is unknown, or is so rare that it has been overlooked. 

The other three species cannot be excluded definitely as possible 
carriers although their distribution does not coincide with that of the 
disease. Sinton (1925) suggested P. major var. pernictosus as a 
possible carrier of visceral Leishmaniasis in the Mediterranean because 
it is closely related to P. argentipes but we did not find this variety 
in the area examined. P. major occurs in places where the disease 
is unknown, e.g., Jerusalem, Mozah near Jerusalem, Rosh Pinah, 
Haifa. 

P. papatasii. This species occurs in all Mediterranean foci of 
visceral Leishmaniasis, but it also occurs in enormous numbers in 
places where the disease is unknown, e.g., Jerusalem, Jericho, 
Haifa, Jaffa, Rehoboth (all in Palestine), Baghdad, Basrah, Mosul. 

The behaviour of L. infantum in the sandfly suggests that 
P. papatasit may be a carrier, for the authors have shown (1927) that 
cultures of a strain of L. infantum, when ingested by P. papatasiz, 
multiplied and adopted an anterior position. Since then several 
more strains have been found to behave similarly. Further a 
strain of canine visceral Leishmania presented by Professor Nicolle of 
the Pasteur Institute, Tunis, produced local lesions on inoculation 
into the tail of mice. Laboratory bred P. papatasii fed on these 
lesions and some became infected, the flagellates tending to adopt an 
anterior position. Both in the experiments with cultures and in 
the direct feeding experiments on a mouse an anterior position 
was only adopted when the resulting infection in the sandfly was 
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very heavy. In this respect L. tnfantwn differs from L. tropica 
which tends to adopt an anterior position in P. papatasit and 
P. sergenti even when the resulting infection is very slight. It was 
also shown (1927) that the infection rate of P. papatasit with 
L. infantum from cultures was diminished if the cultures were 
emulsified in specific immune serum. 

This is up to the present the only experimental evidence relating 
Mediterranean visceral Leishmaniasis with sandflies. It tends to 
show that P. papatasii could be infected in nature only under very 
favourable conditions, 1.e., by feeding on a host with a large number 
of parasites in the circulating blood. In the absence of direct 
feeding experiments on human beings we concluded that P. papatasii 
may transmit the disease but rarely. 

P. sergenti. This species occurs in some foci of Mediterranean 
visceral Leishmaniasis and is also present in parts free from the 
disease, e.g., Baghdad, where it is very common. There is no 
experimental evidence either for or against this species being a 
carrier. Patton and Hindle (1928), working in China, showed 
that L. donovani from experimentally infected hamsters exflagellates 
in P. sergenti var. mongolensis but that the flagellates usually remain 
in the stomach, very rarely ascend the cardia and never proceed 
anteriorly beyond the cardia. This variety is therefore either 
a very poor carrier or does not carry at all. It is uncertain whether 
these observations can be applied to P. sergentz. 

Sinton (1925) was the first to correlate the distribution of 
Phlebotomus sp. and Leishmania sp. This method in Sinton’s hands 
at once gave valuable results for it implicated P. argentipes as 
the carrier of Kala-Azar and P. sergenti as the carrier of oriental 
sore, but it has its limitations in the case of L. tropica and possibly 
also in a case of visceral Leishmaniasis. Strains of L. fropica vary 
enormously in their infectivity for P. papatasii and the visceral 
Leishmanias probably also vary in their infectivity for various 
sandflies, e.g., cultures of several strains of Mediterranean visceral 
Leishmaniasis were found to be more infective for P. papatasti than 
cultures of two strains of L. donovani from India. Turther, L. donovan 
bodies from cultures on immune serum exflagellated frequently in 
P. papatasii in the case of the Mediterranean strains, rarely in the 
case of the Indian strains (we will deal with this point more fully 
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in another communication). The differences in infectivity of 
various strains of Leishmania for Phlebotomus sp. probably account 
for the discrepancies between the distribution of the insect vector 
and the protozoon. 

Hindle (1928) showed that Chinese strains of visceral Leish- 
maniasis also vary in their infectivity for sandflies and hamsters ; 
the infectivity for sandflies and for hamsters are two individual 
factors not necessarily correlated, for a strain may have a low 
infectivity for hamsters and at the same time a very high infectivity 
for sandflies and vice versa. Hindle’s observations are not strictly 
comparable to ours for whereas we estimated infectivity by feeding 
sandflies on washed cultures Hindle fed his sandflies on infected 
hamsters. Hindle’s method involves an unknown factor, namely the 
influence of body juices of a vertebrate on the ingested Leishmania 
for it has been shown that in P. papatasii the infection rate of a 
strain of L. infantum was reduced in the presence of specific 
agglutinins. Nevertheless the number of strains and the large 
number of animals employed by Hindle in his experiments are 
sufficient to prove variation in infectivity of strains both for hamsters 
and sandflies. There may be other factors involved such as 
differences between races of Phiebotomus but whereas these are 
hypothetical the variations in strains of Leishmania are a fact 
established experimentally beyond doubt. It follows that in addition 
to the valuable evidence adduced from the distribution of the 
disease and various species of sandflies every focus should be examined 
experimentally with regard to the behaviour of the local strains in 
the local sandflies. 

The distribution of visceral Leishmaniasis in the Mediterranean 
basin suggests that the disease is either transmitted by a species 
of insect which is common and widely distributed but is not an 
efficient vector, or that it is transmitted by an efficient vector 
which is comparatively rare and irregularly distributed, possibly 
P. chinensis. The discovery of the latter species in a part of the 
Mediterranean where visceral Leishmaniasis occurs is therefore of 
ereat significance. 

No further conclusions can be drawn until more sandfly surveys 
of endemic foci based on modern methods of diagnosis are carried 
out and correlated with feeding experiments on man and animals. 
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THE DISTRIBUTION OF SANDFLIES OF THE ERECT-HAIRED 
GROUP IN RELATION TO ORIENTAL SORE 


Foci of cutaneous Leishmaniasis are of two types. 

(A) Big endemic centres such as Baghdad, where few inhabitants 
escape the disease. 

(B) Areas where there are a number of sporadic cases annually 
but where the bulk of the population escapes the disease. 


FOCI WITH SPORADIC CASES 


Sporadic cases of oriental sore occur in the following places in 
Palestine and Transjordania. 

Jerusalem and its environments. A few endemic cases occur 
annually although there are always a number of imported cases 
from Persia, Baghdad and Aleppo. Dostrowsky (1926), who studied 
oriental sore in Palestine, came to the conclusion that the endemic 
cases in Jerusalem are not acquired through direct contact with the 
imported ones. 

Artuf. Oriental sore first appeared in this village in 1923. 

Kantara. Kligler (1923) reported three cases from Kantara. 

Jericho. This is the largest endemic focus. Oriental sore has 
been known for a very long time in this town. 

Amman. According to Dr. Blofield cases of oriental sore are 
rather common in Amman, Dyerash and the neighbouring villages. 
We saw several locally acquired sores in people who never left 
their village. 

In Jericho P. papatasi is very common and is the only sandfly 
which feeds on man. In the other above-mentioned places we 
found P. papatasii and P. major. There is abundant evidence to 
incriminate P. papatasii as a vector of oriental sore but P. major 
has not yet been investigated experimentally. It is not present 
in Jericho or in Baghdad but as previously pointed out this negative 
evidence is insufficient. 

In Syria sporadic cases occur in the coastal plain of the Lebanon 
where P. papatasit and P. major are common. We found P. sergenti 
in Beherreh (one female) but oriental sore is unknown in this village 
although we saw one imported case from Aleppo. 
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LARGE ENDEMIC CENTRES 


BAGHDAD. This famous focus of oriental sore was investigated 
in detail. We commenced work in Baghdad on May 13th, 1928, and 
continued with two interruptions up to July 12th. The method of 
work was as follows: Baghdad was divided into districts and a 
number of houses were examined in each one. As many sandflies 
as possible were collected in each district and taken to the Central 
Laboratory where they were dissected and diagnosed. At the same 
time observations were made on the prevalence of oriental sore 
in each district and these observations were co-related with the 
numbers and species of sandflies present. In all quarters examined 
the proportion of P. sergentt to P. papatasit was determined by 
dissection of caught females. The area examined included Baghdad, 
Muadham, a small town five kilometres north of Baghdad, the 
Royal Air Force Camp at Hunaidi, south of Baghdad, and the 
agricultural experimental station at Rustamiyah. 

The only two species which come into consideration as possible 
carriers in Baghdad are P. sergenti and P. papatasii. P. major and 
P. chinensis were not found. 

Owing to the structure of the houses it is difficult to form a 
relative quantitative estimate of sandflies in Baghdad. The houses 
are built of bricks, the walls in many houses are not plastered and the 
interstices in the walls form an admirable refuge for sandflies when 
disturbed. On several occasions we saw large numbers of sandflies 
disappear quickly into cracks in the walls after being disturbed by 
moving a few chairs. An examination conducted a few minutes 
later showed very few sandflies in the room. The insects are not 
common in the upper stories and in rooms occupied during the day. 
Most houses have a large cellar (sardab) originally intended for shelter 
during the heat of the day but often used as a lumber room. During 
the day sandflies seek shelter and humidity in dark cool rooms and 
in the cellar inside holes in the walls where they are extremely 
difficult to find and capture. During summer the inhabitants sleep 
on the roof and the sandflies after feeding enter cracks in the walls 
of the courtyard where they are almost impossible to detect. Sand- 
flies are common in bathrooms (hammams) which are dark, moist 
and badly ventilated, and unless the cellars and bathrooms are 
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examined, few sandflies are seen. In modern houses with smooth 
walls and without cellars sandflies are found in bedrooms and living- 
rooms where they are easy to detect and capture. 

The survey showed that the distribution of P. sergenti and 
P. papatasu in Baghdad is very unequal. 

In Haidar Khan and in the Jewish and Armenian quarters where 
scarcely anyone escapes infection, P. sergenti is the common species 
and P. papatasiw is so rare that it can be safely excluded as 
the local carrier. 

In the Senhac district where oriental sore is also very common 
P. papatasi and P. sergentt are equally numerous (in some parts 
P. sergentt predominates). 

Three Armenian compounds in Senhac were specially examined. 
In one where about fifty families lived and every child had either 
oriental sore in active form or recently healed scars of the disease, 
the two species were equally common. In another’ compound 
inhabited by six families where every individual was infected, sand- 
flies were very few. Only twelve females, P. papatasit, were caught 
and about twenty males of the same species were seen on the walls. 
(With a little practice it is easy to distinguish males of the two 
species at sight owing to the fact that the male of P. sergenti has 
relatively short external genitalia and the posterior part of the body 
is less curved than that of P. papatasi.) In a third compound 
inhabited by over one hundred families oriental sore was common, 
many children were infected but a large number showed no signs of 
the disease. In this compound P. papatasit was common and 
P. sergenti rare. 

South-east of Senhac there is a large Armenian encampment 
with a population of about two thousand. There were several cases 
of oriental sore among children but the disease was found to be rare. 
P. papatasit was the prevalent species in this quarter and P. sergenét 
was not found. 

Examining this comparatively small area including Senhac and 
the Armenian encampment we were struck by the curious fact of the 
proximity of a district where the bulk of the population was infected 
to another where the disease is rare. The Armenian Camp is about 
600 metres from Senhac ; between the two there is an open area 
containing no habitations. This observation is in accord with the 
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theory of transmission by a biting insect with a very limited range 
of movement. 

Bed bugs are rare in Baghdad and the only biting insect which is 
common and restricted in its range is the sandfly. 

In Alwayah a new district occupied by government officials 
sandflies are very numerous, probably more so than in the rest of 
Baghdad. In this district P. papatasit is six times as numerous 
as P. sergentit.. Cases of oriental sore have not yet appeared in 
Alwayah. 

The Royal Air Force Camp at Hunaidi, south of Baghdad, is 
heavily infested with P. papatasii. P. sergentt is very rare. 
Cutaneous Leishmaniasis is absent but sandfly fever is very common, 

The area round the Royal Hospital is heavily infested with 
P. papatasu ; P. sergenti is scarce. Cases of oriental sore are not 
uncommon but they are not nearly as numerous as in Haidar Khan 
or Senhac and a large number of children escape the disease. 

The town of Muadham, five kilometres north of Baghdad, was 
carefully examined. The whole population has either active oriental 
sore or old scars of the disease. Both P. sergenti and P. papatasii 
were found, the former being the commoner species. 

In the thickly populated district of Baghdad West where 
practically no one escapes the disease, P. sergents and P. papatasi 
are both common, the former species predominating. Proceeding 
southwards along the bank of the river the proportion of P. papatasi 
to P. sergenti increases until in the southernmost suburb, 1.e., the 
Railway Quarters, P. papatasia is very common and P. sergenti 
israre. In this district many cases of cutaneous Leishmaniasis have 
occurred but many people escape the disease. 

The distribution of the two species in Baghdad shows that 
in the greater part of the city P. sergenti is the main carrier and that 
in districts where this species predominates practically the whole 
population is infected ; where P. papatasit predominates cases occur 
but many people escape infection. We conclude therefore on 
evidence of distribution that P. sergenti is a more suitable carrier of © 
the strains of L. tropica prevalent in Baghdad than P. papatasit. 
This difference between the two species may depend partly on the 
fact that P. sergenti feeds more readily on injured than on normal 
skin and partly on the strains of L. tropica prevalent in Baghdad. 
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That it is not due to any racial peculiarities of the local P. papatasii 
is proved by the fact that wild specimens of P. papatasii caught in 
Baghdad were easily infected by feeding through membranes on a 
strain of L. tropica from Palestine which had been previously 
examined in Jerusalem and found to be highly infective for 
P. papatasi ; again a strain of L. tropica isolated from a naturally 
occurring case in Baghdad showed a low infectivity for P. papatasii 
bred from wild females caught in Jerusalem and Jericho. 

The peculiar local distribution of the two species in Baghdad 
appears to depend on the surroundings of the houses. Wherever 
houses are surrounded by gardens or plantations with a soft soil 
the predominating species is P. papatasiiz. In districts such as 
Haidar Khan where the houses are close together and there are no 
gardens P. sergentt predominates. This suggests that P. papatasii 
prefers to lay its eggs in soft soil in the neighbourhood of houses, while 
P. sergenti prefers to lay eggs inside houses, probably in the cellars. 

Mosul is another great endemic centre of oriental sore. Both 
P. papatasti and P. sergenti occur, the former species being commoner 
in the houses along the river bank. The time at our disposal did 
not permit a survey of sandflies and oriental sore in every district 
of the town (of a total of sixty-two sandflies— ? 9—caught, forty were 
P. papatasti and twenty-two were P. sergentz). 

It is interesting to compare conditions in Mosul and Baghdad 
with those of Basrah and district where oriental sore is either absent 
or rare. Sandflies which feed on man are apparently rare in Basrah. 
We found only two females, P. papatasi1, during four days’ collecting 
in Basrah town and twenty-seven females in Ashar and Makinah. 
P. sergenti was not found. The minutus group is not uncommon. 
In Ashar sandflies are rare throughout the greater part of the town 
but they are not uncommon in a limited area about the centre of the 
town. P. papatasti, P. minutus and P. baghdadis were found but 
not P. sergentit. In Makinah near Basrah where P. papatasii was 
found to be rather common there is little or no endemic oriental 
sore. Zobeir, a small town in the desert about 15 kilometres 
from Basrah, was examined. The ground is hard and dry, the 
relative humidity of the air is very low and the temperature is even 
higher than in Basrah. There is no local water supply and water 
is brought into the town on mules from a spring several miles distant. 
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No sandflies or mosquitos were found in the town which is free from 
oriental sore. 

ALEPPO. This endemic centre was examined between August roth 
and September 12th, 1928. The examination was conducted on 
similar lines to those employed in Baghdad. The following species 
of sandflies were found : 

P. papatasii : 570292 (males of this species which are easily 
diagnosed at sight were not collected). 

P. sergentt: I119, 503d. 

P. major: 18. 

P. chinensis: 899, 433. 

It will be seen that P. papatasii and P. sergenti are the common 
species in Aleppo, the former being by far the commoner. In 
one district only (Bachsita) P. papatasii and P. sergenti were found 
in almost equal numbers, but the population of this district was not 
more heavily infected with oriental sore than that of other districts 
on the outskirts of the town, where P. papatasi is about ten times as 
common as P. sergentt. 

P. major and P. chinensis are too rare to be considered as carriers 
in Aleppo where the disease is very common. 

Unlike Baghdad the distribution of the disease in Aleppo does 
not correspond particularly to the distribution of P. sergenti. In 
the absence of experimental data and on the evidence of the distribu- 
tion of the two important species we conclude that both P. papatasi1 
and P. sergenti carry the disease in Aleppo. 

Bar ExtAs. This village lies in the plain between Lebanon and 
Antilebanon, about 25 kilometres south-west of Baalbek. Until 
SIX years ago oriental sore was unknown in the village. According 
to the statement of the local sheikh an epidemic followed the return 
of an infected villager who had resided for some time in Aleppo 
where she acquired ‘ Aleppo button.’ During the next five years 
almost all the population, adults and children, acquired the disease. 
During the last twelve months no more cases occurred probably 
because every susceptible person had already been infected within 
the previous five years. In Bar Elias sandflies are very numerous ; 
only three species were found : P. papatasi1, P. major and P. minutus. 
P. sergentt was not found. P. major and P. minutus were very rare 
but P. papatasii was present in enormous numbers; P. papatasii 
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is therefore the only possible carrier to be considered. Bar Elias is a 
striking example of a heavily infested focus of oriental sore where 
P. sergentt is absent. It is interesting to note that the neighbouring 
villages are entirely free from oriental sore. 

The curious distribution of oriental sore in relation to the two 
carriers can only be explained on the ground of variations in 
infectivity of different strains of 1. tropica for the insect vectors. 
The epidemiological evidence collected in Baghdad proves clearly 
that here we are dealing with strains which are far more infective 
for P. sergentt than for P. papatasti. In Bar Elias we are dealing 
with strains highly infective for P. papatasi1. In Aleppo there is not 
complete evidence for comparing the infectivity of the local strains 
in the two species, whereas in Palestine, where P. sergenti does not 
occur, the distribution of the disease shows that the dominant strains 
are not highly infective for P. papatasit. There are as yet few data 
for comparing the infectivity for the two sandflies of strains from 
places where there are sporadic cases of oriental sore. In one 
case from Artuf, where P. papatasi is abundant and P. sergenti 
absent, feeding experiments showed a higher infection rate in 
P. sergents than in P. papatasi (58 per cent. in P. sergenti and 16 
per cent. in P. papatasiz). On the whole the evidence shows that 
P. sergenti is a better carrier than P. papatasi: but that some strains 
are transmitted very readily by P. papatasit. | 

Attention must be drawn to the absence of oriental sore in 
localities where P. sergenti and P. papatasi occur, e.g., Alwayah 
where both species are common, Haifa where P. papatasi is abundant, 
Bcherreh where both species occur. 


THE INFECTION RATE OF WILD SANDFLIES WITH LEISHMANIA 


The determination of the infection rate with Leishmania in wild 
sandflies is of value only if the distribution of the flagellates in the 
sandfly is observed. The Leishmanias of man all tend to adopt an 
anterior position in the sandfly. L. tarentolae also tends to adopt an 
anterior position in P. papatasit1 whereas L. ceramodactyli adopts 
a posterior position, but if the infection is very heavy the infection 
may also extend anteriorly. A further complication exists owing 
to the fact that in early infections the flagellates are confined to the 
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stomach and it is therefore impossible to distinguish between 
Leishmanias with an anterior and those with a posterior position. 
The sandflies which feed on man also feed on animals; thus we 
caught P. papatasii and P. sergenti in large numbers in fowl sheds, 
and on dissection we found them to contain nucleated red cells 
corresponding in size to those of fowls. In these two important 
species we also found nucleated red cells which correspond in size 
to those of geckoes. P. papatasit both wild and laboratory bred 
from Baghdad and Palestine fed readily on geckoes in captivity. 
As in mosquitos, there are apparently differences in feeding habits 
in the same species in various localities, for Knowles (1928) states 
that in Calcutta P. papatasi does not feed on lizards. It is evident 
that the interpretation of infection rates of Leishmania in sandflies 
is difficult, particularly so as morphological characters in Letshmanias 
are of limited or no specific value. All Herpetomonad flagellates 
found in wild sandflies can be regarded as belonging to the genus 
Leishmania (sensu Wenyon) and not to the genus Herpetomonas, for 
owing to the life-history of the sandfly infection from adult insect to 
larva can only take place by means of resistant cysts capable of living 
in the ground; this is theoretically possible, but although large 
numbers of wild and laboratory bred sandflies have been dissected 
by different observers in various parts of the world, no cysts of 
Herpetomonas have yet been observed and this in spite of the fact 
that the methods adopted for breeding sandflies are ideal for the 
propagation of Herpetomonas. 

The problem is to determine the species of a Letshmania found 
in a wild sandfly. The ideal method is to inoculate Herpetomonad 
flagellates found to adopt an anterior position in a wild sandfly into 
man, but this is not always practical although we adopted this 
method in Jericho and Baghdad. Here again a negative result 
cannot be interpreted with any degree of certainty for it may be 
due to a natural immunity in the experimental volunteer, to the 
flagellates not having reached the infective stage or to the fact that 
the flagellate is not a Leishmania of man. On the other hand a 
positive result is conclusive. 

There is one important factor which we could not investigate, 
namely the seasonal variation, if any, in the infection rate of wild 
sandflies. Endemic foci of the second type such as we have in 
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Palestine are not favourable for such investigations for the infection 
rate is very low; but an investigation of this type carried out 
systematically throughout the whole sandfly season in a big endemic 
centre such as Baghdad should give valuable results. The season 
in which the majority of cases of oriental sore are acquired is not 
known because the incubation period varies enormously (from 
two weeks to three years) and because the early stages of the disease 
are often overlooked. A determination of the season of maximum 
infection rate in wild sandflies is necessary in order to establish the 
period when the disease is most frequently transmitted in nature. 
Information of this kind would also give indications for prophylaxis. 

Jericho. In 1925 the infection rate in P. papatasti was 
found to be about 1 per 1,000. Three wild sandflies were proved to 
be infected with L. tropica, for inoculation of flagellates found in their 
alimentary tract into three human beings produced lesions in which 
L. donovan bodies were found. 

Baghdad. Of 528 wild P. papatasit dissected none were 
infected. Of 683 wild P. sergenti two were infected. In one specimen 
from Haidar Khan there was a slight infection in the stomach and 
cardia; in another from Baghdad West the infection in stomach 
and cardia was very heavy. I[lagellates from the latter were 
inoculated into a human being (27.5.28) with a negative result 
up to date. The only sources from which P. sergenti can acquire 
an infection with Lezshmania in Baghdad are as far as our knowledge 
goes, man, dog and geckoes. The human and the dog’s strains of 
cutaneous Leishmaniasis are probably identical but conclusive 
proof is still lacking. 

Aleppo. No Leishmania was found among the 690 sandflies 
dissected. Wenyon (1912) found a 6 per cent. infection rate among 
the sandflies of Aleppo. It is interesting to note that according to 
the statements of local medical practitioners oriental sore is on 
the decline in Aleppo. Whereas before the war nobody escaped the 
disease many of the Europeans who came to Aleppo since the war 
have not become infected. Nevertheless oriental sore is exceedingly 
common ; nearly all native adults show scars and very many native 
children are seen with active sores. 

We have to thank Dr. E. Libman of New York whose generosity 
enabled us to carry out this work. 
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alimentary tract into three human beings produced lesions in which 
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Baghdad. Of 528 wild P. papatasiz dissected none were 
infected. Of 683 wild P. sergent: two were infected. In one specimen 
from Haidar Khan there was a slight infection in the stomach and 
cardia; in another from Baghdad West the infection in stomach 
and cardia was very heavy. Flagellates from the latter were 
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goes, man, dog and geckoes. The human and the dog’s strains of 
cutaneous Leishmaniasis are probably identical but conclusive 
proof is still lacking. 

Aleppo. No Letshmania was found among the 690 sandflies 
dissected. Wenyon (1912) found a 6 per cent. infection rate among 
the sandflies of Aleppo. It is interesting to note that according to 
the statements of local medical practitioners oriental sore is on 
the decline in Aleppo. Whereas before the war nobody escaped the 
disease many of the Europeans who came to Aleppo since the war 
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children are seen with active sores. 
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SUMMARY AND CONCLUSIONS 


The distribution of sandflies and Leishmaniasis was studied in 
Palestine, Mesopotamia and Syria. 

The diagnostic characters of the sandflies found are given. 

Phlebotomus chinensis was found in Palestine and Syria. 

The epidemiological in addition to experimental evidence show 
that P. papatasii and P. sergenti are carriers of oriental sore. 

In Baghdad P. sergenti is the main carrier of oriental sore. In 
Jericho and Bar Elias P. papatasit is the only carrier, in Aleppo both 
species probably transmit the disease. 

There are localities free from oriental sore in which P. sergenti 
and P. papatasi occur. 

The peculiarities of the distribution of oriental sore depend on the 
variations in infectivity of different strains of L. tropica for the 
sandfly vector. 
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EXPLANATION OF PLATE IV 


Phlebotomus papatasi (female). 

Phlebotomus sergenti (female). 

Phlebotomus sergenti (male) collected from two foci. 
Phlebotomus major (female). 

Phlebotomus chinensis (female) from Aleppo. 


Phlebotomus chinensis (female) from Rosh Pinah. 


Magnification : x 350. 
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BLOOD SUGAR IN INFECTIONS WITH 
TRYPANOSOMA LEWISI 


BY 


RICHARD W. LINTON 


(Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University) 
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The purpose of the work reported here has been to study the 
effect upon rat’s blood sugar of infections with Trypanosoma lewtst. 
In very recent years several papers have appeared dealing with 
this subject, but their chief emphasis has been upon the relation- 
ship between blood sugar and fatal trypanosome infections. Hence 
it seemed of interest to test the action upon the glucose level of 
T. lewist, which, as is well known, produces an infection ending in 
recovery and complete disappearance of the organisms from the 
animal’s body. 

Schern (1925) reported the results of experiments with trypan- 
osomes which tended to show that as the number of organisms in 
the blood increased, the amount of glucose decreased, and that the 
terminal symptoms and death of the animal were due to a hypo- 
glycaemia. He believes accordingly that fatal trypanosomiasis, 
where death occurs with huge numbers of parasites in the blood 
stream, is a ‘sugar sickness.’ In a later paper (1928) he reports 
actual determinations of the blood’sugar in rabbits and a horse 
infected with T. equinum and concludes as before that the infection 
produces a hypoglycemia, and that death is thus only indirectly 
due to the invading organisms. 

Savino (1927) has reported the effect of infections with 
T. equiperdum and T. equinum on the blood glucose in dogs. He 
showed that the number of trypanosomes varied with the concen- 
tration of glucose, being less after the injection of insulin and greater 
after glucose was given intravenously. He further noted that the 
spleen plays some part in this variation since after splenectomy 
neither insulin nor glucose affected the number of trypanosomes. 
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A similar result was obtained after the nerves leading to the spleen 
had been severed. 

Two other papers should be noted in this brief review. 
Bruynoghe, Dubois, and Bourkaert (1927) confirmed Schern’s work. 
They used guinea-pigs and rabbits infected with 7. brucei. They 
do not believe that the trypanosomes consume the blood sugar 
directly, but rather that the titer of the sugar is reduced by an 
insulin-like substance. This substance, they believe, is formed 
either immediately by the trypanosomes, or by the action of the 
parasites upon the pancreas. The evidence for this conclusion 
requires considerable broadening, however, before it can be con- 
sidered as more than a suggestion. 

von Fenyvessy (1926) studied the blood sugar of rats infected 
with T. eguiperdum. He discovered that the blood sugar was 
lowered as the infection progressed and that if the animal were 
cured by Germanin the level of the glucose returned to normal. 
He believes with Schern that disturbances in sugar metabolism 
play a considerable role in the pathogenic action of the trypanosomes. 


TECHNIQUE 


The strain of 7. /ewist used in this work was kindly furnished by 
Professor W. H. Taliaferro of the University of Chicago. Blood 
sugar determinations were made by a new ‘ micro’ method recently 
described by Folin (1928). This method requires the use of only 
1/10 c.c. of blood. The blood itself was obtained by heart puncture 
under light anaesthesia with iso-amyl-ethyl barbituric acid (amytal), 
approximately 7 mg. being given per 100 gr. of rat*. The rats were 
on an ordinary laboratory diet ; they were not fed on the day when 
the test was made. 

Three groups of animals were used: normal rats, infected rats, 
and splenectomized infected rats. These groups will be considered 
in order. 

The first group consisted of thirty-six normal rats. Blood sugar 
determinations upon them gave an average of 96 mg. of glucose 
per 100 c.c. of blood. The mean of the observations was 98 mg. 


* The effect of iso-amyl-ethyl barbituric acid upon blood sugar concentration is still a matter of 
experiment. This point does not come into consideration here, however, since this compound was 
used equally in all the experiments. 
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and the extremes were 60 mg. and 165 mg. Appromixately go per 
cent. of the observations gave values between 70 mg. and 140 mg. 
of glucose per 100 C.c. 

The second series of experiments dealt with rats infected intra- 
peritoneally with a suspension of 7. /ewisi in normal salt solution. 
The infection was followed by making total counts daily, or on 
alternate days, of the trypanosomes in the peripheral circulation. 
When this number had reached its peak, as shown by the increasing 
uniformity in size of the parasites, the animals were given amytal 
in the peritoneal cavity and a small amount of blood withdrawn 
from the heart. The results of several experiments are shown in 
Table I. The last column in this table gives the blood sugar deter- 
mination on the same animals taken thirty-five to forty days after 
infection, When the rats were considered to be free of the infection, 


Tasre 


Blood sugar determinations on rats infected with Trypanosoma lezisi. 


| Number of Blood sugar | _~—- Blood sugar in 
Rat Day after trypanosomes per in mg. mg. per 100 ¢.c., 
number | infection c.mm. of blood per 100 ¢.c. 35-40 days after 
| infection 
I | 8 240,000 136 142 
2 | 8 218,000 139 112 
3 8 300,000 132 
| 
4 | 9 30,000 1st 
5 | 9 24,000 126 
6 9 7,500 136 
9 2,000 126 
8 9 §9,000 113 | 93 
9 | , 2,000 117 | 107 
| 
10 | 7 178,000 83 
it S $9,000 117 113 
12 | ) 42,000 102 116 
13 | 7 200,000 78 130 
14 | 200,000 89 105 
15 | 6 248,000 95 87 
| 


4 
tae 
4 
ig 
4 
| | 
| 
& 
or 
| 


310 


or to have a negligible number of parasites in the blood. The 
average blood sugar at the height of the infection was 116 gm. 
the mean I15 mg., and the extremes 78 mg. and 151 mg. No 
significant variations from the previous determinations were found 
after the infection had disappeared. 

Besides the animals shown in Table I, twelve other rats were used 
in this part of the work. No actual counts of trypanosomes were 
made on them, but by means of stained slides it was estimated 
when the infection was at its height, and the glucose then determined. 
The average blood sugar in these animals was 115 mg., the mean 
III mg., and the extremes 72 mg. and 154 mg. 

The third group was composed of rats which had been splenec- 
tomized, in an attempt to increase the severity of the infection. As is 
well known from the work of Regendanz and Kikuth (1927), the 
spleen plays a large part in causing T. lewtsi to cease reproduction 
and thus is responsible for the fact that this infection is a compara- 
tively transitory one. A considerable difficulty was encountered 
in this part of the work, however, in that, following splenectomy, 
many of the rats developed a severe anaemia and died. This 
anaemia, as Lauda (1925) and Mayer, Borchardt and Kikuth (1926) 
have shown, is due to Bartonella muris. Determinations made 
on rats thus infected, but without 7. lewis: infections, showed, 
however, that the blood sugar did not vary from the normal limits 
until the agonal stage, when a hypoglycemia developed. It was, 
therefore, considered that an influence of Bartonella murts infections 
on the blood sugar could be safely ruled out, especially where, as 
in the case of the rats shown in Table II no symptoms of Bartonella 
infection were present. It was necessary to consider this point, 
since Noguchi (1928) has shown that some increase in Bartonella murts 
follows splenectomy in rats, even where a fatal infection is not 
produced. 

As Table II shows, splenectomy did give rise to higher trypan- 
osome counts in the peripheral blood. Not all the animals thus 
treated, however, gave such high counts, individual animals 
apparently vary egreatly in the severity of their infections. The 
average blood sugar here was 106 mg. of glucose per 100 c.c. of 
blood. The mean of the observations was 107 mg. and the extremes 
83 mg. and 134 mg. 
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Taste II. 


Blood sugar determinations on splenectomized rats, infected with Trypanosoma lewisi. 


Number of Blood sugar in mg. 
Rat number Day after infection trypanosomes per 100 c.c. 
per c.mm. of blood 
I 10 209,000 99 
2 10 470,000 | 134 
3 9 313,000 | 114 
+ 7 317,000 113 
5 7 253,000 1i2 
6 5 458,000 102 
7 | 6 469,000 83 
§ | 7 311,000 go 
DISCUSSION 


Infections with 7. lewist do not cause abnormal changes in the 
glucose content of the blood of rats. All the determinations under 
these conditions fell within the normal range of variation. The 
slightly higher averages for infected than for normal animals 
are probably without significance as they lie well within the range 
of experimental error. 

As already stated, Schern and von Fenyvessy attribute a consider- 
able réle in trypanosome pathogenicity to the gradual lowering of 
the blood sugar which these organisms cause. Since no experi- 
menters have succeeded in proving the existence of a trypanosome 
toxin or other antagonistic substance, it is probable that many of 
the symptoms may in fact be due to a hypoglycemia. In this 
event, the absence of symptoms in 7. Jewist infections would be duc 
to the ability of the experimental animal to maintain a constant 
level of blood sugar, until the spleen gives rise to the ‘ reproduction 
inhibiting’ antibody (Taliaferro), and thus ends the severe phase 
of the infection. 

When the results of the present paper were in manuscript, it was 
found that Regendanz and Tropp (1927) had already published 
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findings, dealing in part with the same subject. Their results 
correspond in general to those given here. They believe that death in 
trypanosome infections is due to a toxin, but only literary evidence 
is given for this view. The death of infected rats following splenec- 
tomy they attribute to extensive proliferation of 7. lewist. This 
conclusion cannot be considered established since they made no 
actual trypanosome counts, nor did they take into account the 
possibility of Bartonella muris infections in these rats. In our own 
work, we found that between one-third and one-half of splenec- 
tomized rats died of Bartonella muris, which corresponds to the 
number of rats dying in their experiments from 7. lewtst. Further- 
more, the terminal hypoglycemia which they found in rats dying 
presumably from 7°. /ewist is also present, as we have shown, in rats 
dying from Bartonella munis. In general the existence of fatal 7. lewisi 
infections cannot be accepted, unless the possibility of coincident 
infection with the highly fatal Bartonella muris can be ruled out. 
A critique of the work of Regendanz and Tropp has recently been 
published by Schern (1929). 


CONCLUSION 


The blood sugar of rats is not affected by infections with 7°. lewtst. 
A hypoglycemia develops, however, during the terminal stage 
of infection with Bartonella muris, induced by splenectomy. 
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In the preceding paper (1929) it was pointed out that the rat 
offered a type of resistance similar in kind, but different in degree 
from that observed in the guinea-pig. It was also indicated that this 
resistance was probably referable to the reticulo-endothelial system. 
It seemed of interest, therefore, to observe the course of infection 
in splenectomized rats. It was apparent that if the contention was 
correct, splenectomized rats should react in the same manner as the 
mouse, that is, the rate of multiplication of the trypanosomes should 
be uniform and follow a line of geometric progression. 

There was a serious difficulty in carrying out this experiment. 
The splenectomized rats developed an acute Bartonella infection 
and succumbed in five or six days, before the trypanosome infection 
had run its course. 

This difficulty was eliminated by the observation made by Meyer 
(1927) that an injection of salvarsan prior to the removal of the 
spleen prevented the appearance of Bartonella for some time. Using 
this procedure it was possible to observe the course of infection in 
splenectomized rats without interference of other factors. 

The results of these experiments constitute the subject of 
this paper. 
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EXPERIMENTAL 


SERIES I. Large rats, 120 to 150 grams in weight, were 
used. These were divided into three groups. One set received 
05 c.c. of a I: 1,000 solution of Neosalvarsan intraperitoneally and 
the spleen was removed two or three days later. A second set 
was splenectomized without previous treatment with salvarsan. 
The third set served as a control. 

Two sets of experiments were carried out, identical in all essentials, 
except that in one a small dose of trypanosomes was injected sub- 
cutaneously, while in the other a somewhat larger dose was inoculated 
intraperitoneally. In a number of rats in each experiment, red cell 
and trypanosome counts were made daily. In the others only the 
incubation period and the end results were noted. TJ. evanst was 
used in all experiments. 

The results were striking and consistent. The untreated 
splenectomized rats developed a Bartonella infection and in most 
cases died with a severe anaemia either before the trypanosome 
infection had developed or during its progress. In the splenecto- 
mized animals treated with neosalvarsan neither the. Bartonella 
infection nor anaemia developed. On the contrary, the anaemia, 
which is usually associated with a trypanosome infection, was not 
observed in the salvarsan treated animals. 

In all of the animals the course of the infection differed decidedly 
with the method of inoculation. The control animals differed, 
however, in this respect from the splenectomized ones. In the 
former the course of infection was more rapid when the infection 
was by the subcutaneous route, while in the latter the reverse was 
the case. 

The results of these experiments are presented below (p. 317). 

It will be noted that there was practically no difference in the 
incubation period and duration of illness between the salvarsan- 
treated splenectomized rats and the control. Nor was there any 
difference in the course of the infection. The only striking difference 
is that in the salvarsan-treated animals the red cell count at death 
was nearly 8,000,000 (the normal count), while in the control group 
it was reduced to 5,000,000. 

Quite a different result was obtained when the infection was 
given by the intraperitoneal route. 
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Tasie Ia. 


Effect of splenectomy on a trypanosome infection in rats. (Infected subcutancously.) 


| Average Average Average 
Number Mode Sple- Average duration tryp. red cell 

of Average|ofinfec-| Dose necto- incuba- of count count 

rats | weight tion mized varsan | tion | illness at death at death 

5 142 | Subcut. | 10,000 “- + | 64 13.4 | 1,860,000 7,975,000 

5 136 10,000 - * go0,000 300,000 

5 137 10,000 Con trol If.0 | 1,700,000  §,100,000 


* Only one animal survived, all the others died five to six days after the spleen was removed, with a 
red cell count of 1,800,000; the remaining animal died before the trypanosome infection had run 
its course. 


Tasce Is. 


Effect of splenectomy on a trypanosome infection in rats. (Infected intraperitoneally.) 


Average | Average | Average 
Number | Average Mode Sple Sal- | Average | duration} tryp. red cell 
of weight |ofinfec- Dose necto- —-varsan | incuba- of count count 

rats tion mized tion illness | at death | at death 

4 141 | Intra- 65,000 3d. 7% | 1,900,000 | 6,200,000 

per. 
136 65,000 + - ji 3 * 500,000 | 1,650,000 
4 124 ” 65,000 Con trol | § 15 1,800,000 | 4,600,000 


* Two died before the onset and three in the middle of the infection. 


In this series the course of the infection in the splenectomized 
rats was strikingly different from that in the control. The incubation 
period as well as the duration of the infection was only half as long 
as in the control group. Again, the red cell count at death in the 
salvarsan-treated animals was relatively high as compared with that 
of the control untreated animals. Typical detail data of the course 
of infection in the two series are shown in Tables II and IIA. 
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‘Taare If. 


Course of infection in splenectomized and control rats infected intraperitoneally 


with same dose of T. evansi. 


(Infected 17 January.) 


Splenectomized +- salvarsan Control (no salvarsan) 
Date 
142 grm. 145 grm. 126 grm. 122 grm. 
Jan. 20 + in drop + in drop -+ in drop | -++- in drop 
Jan. 21 4,000 2,000 — in drop | — in drop 
Jan. 22 42,000 44,000 2,000 | — in drop 
ai 23 438,000 478,000 2,000 + in drop 
an. 24 
a.m. 1,200,000 1,900,000 oes + in. drop 
p-m 1,600,000 2,200,000 “ns | one 
died 24-25 died 24-25 | 
Jan. 25 wie se 16,000 2,000 
Jan. 27 ove ‘ies 82,000 2,000 
Jan. 28 vee 100,000 10,000 
Jan. 2 700,000 
Jan. 30 1,800,000 250,000 
died 30-31 
Jan. 31 a 700,000 
Feb. 1 g00,000 
died 1-2 
Tasie Ila. 
Same as above, infection subcutaneous with same dose of T. evanst. 
(Infected 14 January.) 
Splenectomized +- salvarsan | Control (no salvarsan) 
Date 
145 grm. 145 grm. | 136 grm. | 145 grm. 
Jan. 20 | | + in drop 
Jan. 21 + in drop | -- 
Jan. 22 2,000 8,000 | + in drop eve 
Jan. 23 12,000 6,000 10,000 | 32,000 
Jan. 24 4,000 - | 4,000 | 20,000 
Jan. 25 6,000 20,000 + 4,000 12,000 
+ 7 400,000 220,000 160,000 330,000 
an. 2 
a.m. 950,000 1,300,000 130,000 | 350,000 
p-m. 1,600,000 1,400,000 
died 28-29 | died 6 p.m 
Jan. 29 | 300,000 1,600,000 
Jan. 30 | 
a.m. 1,650,000 1,670,000 
| died 10 a.m. 
p-m. | | 1,800,000 
| 


died 30-31 
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Summarising these experiments it appears that (1) Splenectomized 
animals treated with salvarsan and infected by the subcutaneous 
route did not show any decreased resistance as compared with the 
corresponding untreated control group; (2) However, animals so 
treated and infected by the intraperitoneal route manifested a 
striking reduction in resistance as compared with the corresponding 
control group, the course of the infection being the same as that 
observed by Doerr and Berger (1922) in mice ; (3) The salvarsan not 
only prevented the development of Bartonella infection for over two 
weeks, but it seemed also to protect the red cells against the 
destructive effects of the trypanosome infection; (4) Death in 
trypanosome infections was apparently not affected by the absence 
of anaemia. 

SERIES 2. These experiments were repeated with the same results. 
The following experiment is illustrative. The procedure was the 
same as above, except that the same doses were given intra- 
peritoneally and subcutaneously, and all the animals were inoculated 
at the same time with the same material. The data of this experi- 
ment are summarised in Tables III and IV. 

Tarte III. 


Comparison of the duration of infection in splenectomized, salvarsan-treated and normal rats. 


| | | | | 
| Mode of | Average Final Final 
‘Treatment inocula- | Dose | Average! incuba- | duration tryp. | red cell red cell 
tion | weight | tion. | of illness. | count; count ; count ; 
| Days Days average average average 

0.3 ¢.¢., I: 1,000 sol. neo- | Subcu- 25,000 | 26.5 4 113 1,850,000 | 4,300,000 3,900,000 
salvarsan i.p., §.11.28; | taneous 
Splenectomy, 6.11.28 ; 

Infection, 7.11.28 

Salvarsan as above, 5.11.28 ; ‘a 25,000 | 26.5 6 18} 1,800,000 | 4,500,000 4,700,000 
Spleen not removed. In- 
fected, 7.11.28. 

Untreated Control; In- 25,000 24.0 5 1,850,000 | 4,250,0c0 3,250,000 
fected, 7.11.28. 

0.3 €.C.y I 1,000 sol. neo- | Intra- 25,000 | 26.0 3 8 1,450,000 | 4,550,000 3,100,000 
salvarsan i.p., §.11.28; | perit. 

Splenectomy, 6.11.28 ; 
Infection, 7.ii.28. 

Salvarsan as above, 5.11.28 ; ‘a 25,000 27.5 3 144 1,800,000 | 5,000,000 3,750,000 
Spleen not removed ; 

Infected, 7.11.28. | 

Untreated Control; In- | 25,000 | 22.0 4 134 2,200,000 4,800,000 3,200,000 
fected, 7.11.28. 

0.3 I : 1,000 sol. neo- 4,700,000 6,100,000 
salvarsan; Spleen re- | (21.ii.28) 
moved, 6.11.28 ; Not in- | | 
tected. 
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IV. 


Median course of infection in splenectomized, salvarsan treated and normal rats. 


(Infected February 7, a.m..) 


Daily trypanosome count—per c. mm. 


| Splenectomized rats 
treated with salvarsan 


Control rats 


| 
| 


Salvarsan treated 
normal rats 


Date 
Intra- Sub- Intra- Sub- Intra- Sub- 
peritoneally | cutaneously | peritoneally | cutaneously | peritoneally | cutaneously 
Feb. 10 + in drop | son ws + in drop oe 
Feb. 12 8,000 | + indrop | + indrop | + in drop 4,000 
Feb. 13 92,000 drop | + in drop + in drop 
Feb. 14 466,000 | + in drop 6,000 34,000 2,000 2,000 
Feb. 15 1,000,000 2,000 4,000 80,000 2,000 8,000 
died 1 p.m. 
Feb. 16 460,000 26,000 
Feb. 17 is 80,000 8,000 700,000 4,000 16,000 
Feb. 18 | 160,000 16,000 2,500,000 8,000 30,000 
| 
Feb. 19 | 750,000 44,000 18,000 24,000 
Feb. 20 | | 1,200,000 300,000 22,000 42,000 
| died 10 p.m. 
Feb. 21 | eas 650,000 112,000 150,000 
Feb. 22 | | 1,800,000 1,000,000 350,000 
died 2 p.m. died 12 p.m.| died 25.ii, 


Nore.—The counts were all made at the same time—between 8 and g a.m. 


It is clear from these tables that splenectomized rats infected 
by the intraperitoneal route succumbed long before those infected 
subcutaneously or the corresponding controls. 
mode of inoculation also materially affected the course of the infec- 
tion, but in an opposite manner : those infected by the subcutaneous 
route succumbed sooner than those receiving the same dose intra- 
peritoneally. Another important point brought out in these 
experiments is that the salvarsan injection, as such, modified the 
course of infection in normal animals, but that this effect was either 
not apparent (intraperitoneal infection) or greatly reduced (sub- 
cutaneous infection) in the splenectomized rats. 


In normal rats the 
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Course of infection in rats treated as indicated and inoculated intraperitoneally. 


animals were of the same weight and received the same dose of T. evansi 7.11.28.) 
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Cuart II. Course of infection in rats treated as indicated and inoculated subcutaneously. 


animals were of the same weight and received the same dose of T. evansi 7.11.28) 


(The 


| 
| 
| 
| 
| 
| 
B 


323 


The detailed course of the infection in splenectomized and non- 
splenectomized animals infected by various routes is shown in 
Table IV and Charts I and II. It is apparent that in splenectomized 
animals inoculated intraperitoneally the native resistance is almost 
completely broken down despite the salvarsan. Both the generation 
time and the curve of multiplication of the trypanosomes in the 
peripheral circulation correspond with that usually observed in mice. 


DISCUSSION 


The experiments reported above bring to light a number of 
significant facts. It appears that in normal rats the resistance to a 
trypanosome infection is highly localised, the chief organ of defence 
being the spleen. Normal animals infected subcutaneously succumb 
much sooner than those inoculated intraperitoneally. In salvarsan- 
treated animals the opposite is the case. But, when salvarsan- 
treated rats are splenectomized, then the results are again reversed. 
Despite the salvarsan, the animals infected intraperitoneally lose all 
resistance to infection; at the same time, the resistance to a sub- 
cutaneous infection seems to be greater than that of untreated 
controls. 

This peculiar behaviour of salvarsan is particularly interesting 
in relation to the mechanism of chemotherapy. Krichewski and 
Meersohn (1926) first showed that the reticulo-endothelial system, 
particularly the spleen, plays a definite part in the therapeutic effect 
of salvarsan. Subsequently, Feldt and Schott (1927), Jungblut 
(1927), as well as Kritchewski (1927) showed that this is also true of 
other drugs. Kritchewski (1927, 1928) expressed the view that the 
spleen acts merely as a carrier of the drug, storing it up and then 
slowly liberating it. The heightened resistance to the subcutaneous 
infection in comparison with normal controls and the suppression 
of the Bartonella would indicate that even in splenectomized animals 
the salvarsan is stored and is active despite the removal of the 
spleen. Its activity is entirely absent only in splenectomized 
animals infected intraperitoneally. But this merely emphasizes 
the importance of the spleen as an active participant in the thera- 
peutic action of the drug. Evidently other parts of the reticulo- 
endothelial system also play a part. 
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Another interesting point is the apparently protective effect 
of salvarsan on the red cells. Anaemia is a characteristic element 
in the pathology of a trypanosome infection. In the above experi- 
ments the salvarsan-treated animals did not show the typical picture. 
On the contrary, there appeared to be a stimulation of the red cells. 
It would seem possible that the prevention of the Bartonella may 
be due to this protective action of the drug on the red cells. This 
possibility is supported by the fact that as soon as the salvarsan 
effect disappears—usually about three weeks—the Bartonella appear 
and the animals succumb in five or six days. 


CONCLUSIONS 


I. Salvarsan increases the resistance of normal rats to a trypano- 
some infection and appears to exert a protective effect on the red 
blood cells. The former effect is either absent or greatly reduced 
in splenectomized rats. 

2. Splenectomized rats treated with neosalvarsan to prevent 
a Bartonella infection, show a complete absence of resistance to a 
trypanosome infection when the inoculation is given intraperitoneally. 
The course of infection in such rats follows a simple curve of geometric 
progression. 

3. No corresponding reduction in resistance is noted in such 
rats when the inoculation is given subcutaneously. This is 
apparently attributable to the action of the salvarsan. 

4. In normal rats the course of the infection is more rapid if the 
inoculum is given subcutaneously than it is when given intra- 
periteonally. 
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The cause of death in experimental trypanosome infections 
has been a subject of considerable discussion. The infection in 
the rat is relatively so simple that many investigators have turned 
their attention to a study of the course of a trypanosome infection 
in this animal in the hope of elucidating the mechanism of injury 
and death in trypanosome and allied infections. 

Two opposing views have evolved. Schilling and Rondoni 
(1913), Martin and Darré (1914), Reichenow (1921), and more 
recently, Regendanz and Tropp (1927) assume that the injury and 
ultimate death are due to a toxic substance liberated by the dis- 
integration of the parasites. Reichenow finds support for this view 
in the fact that in man the height of the temperature is reached after 
the trypanosomes disappear from the circulation. _ 

On the other hand, Schern (1926, 1928) and Fenyvessy (1926) 
maintain that the cause of injury and ultimate death is to be found 
in the exhaustion of the blood sugar and glycogen reserve. These 
authors found that not only do trypanosomes utilize sugar 77 vitro, 


* A preliminary report of a part of this work was published by Kligler, I. J., and Geiger, A. (1928), 
in the Proc. of the Soc. Exp. Biol. and Medicine, 26, 229. 
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but that a definite hypoglykemia develops in the infected animal 
in the course of the infection. Regendanz and Tropp (1927), who 
support the toxin theory, were able to confirm the findings of Schern 
and Fenyvessy, but their results indicate that the glycogen depletion 
is by no means complete and that at the height of the infection 
sufficient glycogen remains in the liver to maintain a normal sugar 
concentration in the blood. They maintain that the decrease in the 
blood sugar is due to a depressive effect on sugar inversion by the 
trypanosome toxin and not to the depletion of glycogen. 

In further extension of his views, Fenyvessy (1927) studied 
the respiratory exchange of infected animals and published data 
which indicate a more active metabolism in trypanosome infected 
animals than in normal ones, particularly towards the end of the 
infection. His data show that the oxygen consumption of infected 
animals increases with the increase in the number of trypanosomes 
in the blood, and he concluded that this increase is due directly to the 
metabolism of the trypanosomes. Scheff (1928), in continuation 
of Fenyvessy’s work, found further that there is a greater utilization 
of the blood oxygen in trypanosome infected than in normal rats, 
and a progressive decrease in the oxygen saturation of the blood. 

It is clear, therefore, that there exist two opposing views. One 
ascribes the changes to the action of a toxin, the other to the direct 
injury due to the sugar depletion by the metabolic activity of the 
trypanosomes. Neither view is adequately supported by experi- 
mental facts. There is also a discrepancy in the analytical data 
reported by Regendanz and Tropp (1927) and those by Schern (1928) 
and Scheff (1928). The data presented by the former show that 
there is only a partial glycogen exhaustion, while the latter claim 
that the exhaustion is complete. At the same time, Scheff (1928) 
states that he is unable to account for the fact that the cure of a 
heavily infected animal with ‘ Bayer ’ or other drug leads to a prompt 
recovery of the blood sugar concentration to normal. 

One aspect of the problem seems to have escaped the previous 
workers. Although there is general agreement that the blood sugar 
concentration is depressed, no attention has been given to the 
possible harmful effect of intermediate products of the sugar meta- 
bolism. It seemed to us more than likely that the depression of 
the sugar concentration in the blood was due to its active utilization 
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by the trypanosomes, so active that readjustment could not keep 
pace; and that this active glucose metabolism led to a state of 
constant high lactic acid concentration in the blood. This view 
would account also for the prompt equalization of the blood sugar 
after the trypanosomes had been eliminated by a drug or otherwise. 
We, therefore, decided to determine the lactic acid concentration 
and alkali reserve in the blood at various stages of the infection. 
In this paper we deal specifically with the lactic acid concentration. 


EXPERIMENTAL 


Preliminary to the main object of this investigation, we attempted 
to test the opposing views in a direct manner. We also attempted 
to repeat Fenyvessy’s metabolism experiments. 

Toxic Effect of Trypanosomes. Massive doses of trypanosomes 
were injected repeatedly into rats. No ill-effects were noted. 
The same results were obtained by injection of serum obtained from 
infected rats shortly before death. The following protocols are 
typical of several experiments with the same results. 

A heavily-infected guinea-pig was bled into citrate solution. 
The blood was sedimented at low speed, to throw down the red cells. 
The supernatent fluid was sedimented at high speed and the sedi- 
mented trypanosomes separated from the clear fluid. The sediment 
was re-suspended in a small amount of distilled water and stored 
in the ice-box. The supernatent serum was also stored. 

The trypanosomes and plasma respectively were injected 
repeatedly into a series of rabbits and rats. Control animals were 
given saline injection. The experiments were repeated with 
T. evansi, T. gamhtense, and T. rhodestense. 

The JT. gambiense treated animals were given seven injections, 
the others received ten injections, in the course of two weeks. In 
the rabbits the injection of the autolized trypanosomes and, to some 
extent, also the plasma, was associated with a leucopenia. No 
other toxic manifestation was observed either in the rats or rabbits. 
On subsequent infection of the rats with the homologous strain, 
the treated animals died at the same time or a day or two before 


the controls. 
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It seems, therefore, that even the repeated injection of heavy 
doses of trypanosomes does not exert an appreciable toxic effect 
on the animal. At any rate, the toxic effect is not sufficient to 
account for the severe damage and ultimate death caused by the 


The Effect of Supplementary Injections of Glucose. If carbo- 
hydrate depletion is the direct cause of injury and death, then 
daily injections of glucose should at least modify the course of the 
illness. A series of experiments were made to test this assumption. 
The results are shown in the following table. 


Effect of glucose injections into rats on the course of a ‘Trypanosome infection. 


twice daily, and 1.0 
glucose supplementary 
to diet; beginning 2 
days after the infection 
to the end 


| Incuba- | Duration | 
Number Weight Date tion of 
of | in grms., Dose infected time, infection, | ‘Treatment 
rats average days days 
2 53-5 150,000 3.Vi.28 5 17.5 "Untreated 
2 53-5 | 150,000 3-Vi.28 5 19.5 | 0.5 cc. 10% glucose sol. 
| | from 31.v.28 to end 
5 33.2 | 10,000 | 22.v1.28 II 15.0 | Untreated 
6 33-3. 22.vi.28 Io 15.0 | 0.5 c.c. 10% glucose sol. 
daily from 4.vii.28 to end 
6 33.3 §0,000 28.x1.28 $3 8.5 | Untreated 
6 33.2 50,000 28. xi.28 3.0 8.7. 0.5 c.c. 10% sol. of glucose 
| daily from 1.xii.28 to end 
| 
5 33-4 50,000 113..xi.28 5.8 16.0 | Untreated 
5 33.6 50,000: 13.-X1.28 6.0 13.0 cc 10% glucose 
_ daily from 19.xi.28 to end 
| 
6 36.3 16,000 |. 25.1.29 4.0 17.8 | Untreated 
6 41.5 16,000 =. 25.1.29 4.5 22.8 | 0.5 ¢.c. glucose injection 
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The results indicated an advantage when the glucose treatment 
was begun before or at the beginning of the infection. The groups 
which were given glucose from the time that trypanosomes first 
appeared in the circulation, that is at the end of the incubation 
period, showed no advantage over the untreated group. In the 
three series in which the glucose injections were begun at the onset 
of the infection, the average duration of the infection in the untreated 
rats was 12:9 days, while in the treated ones it was 12:2 days. In 
the two other series the advantage is definitely with those rats 
which received glucose—17-7 days against 22 days. 

Respiratory Exchange of Trypanosome Infected Animals. The 
respiratory exchange was studied on a large series of infected rats. 
To eliminate errors in experimentation the normal animals were 
first accustomed to the apparatus. At the beginning the animals 
were extremely restless. After several tests, however, they remained 
perfectly quiet even for several hours. Observations were first made 
on normal animals which had become accustomed to the apparatus ; 
these animals were then infected and the respiratory exchange 
measured at various stages of the infection as determined by direct 
chamber counts. The infecting dose was small (25,000 Tr.) in 
order to prolong the duration of the illness. 

The apparatus used for the respiration experiments is a modifica- 
tion of the Benedict apparatus devised by Geiger. In several 
instances the Haldane apparatus was used as a control. ‘The results 
obtained with the two systems were in entire agreement. The 
animals remained in the apparatus at least two hours, and each 
time the apparatus was tested before and after the experiment to 
assure absence of leakage. 

One would assume, on the basis of the observations made by 
Nauss and Yorke (r1g1t1) and others, that trypanosomes consumed 
oxygen in vitro, that in vivo as well their activity would be marked 
by a higher oxygen consumption by the animal. This, however, 
we failed to observe in many oft-repeated tests. There appears, 
on the contrary, a depression in activity, the reason for which is 
not clear ; this question will be discussed more fully below. 

The results are shown in Table II. It is apparent that there is 
no increase in oxygen consumption in trypanosome infected rats, 
as compared with normal ones. On the contrary, there seems 
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It seems, therefore, that even the repeated injection of heavy 
doses of trypanosomes does not exert an appreciable toxic effect 
on the animal. At any rate, the toxic effect is not sufficient to 
account for the severe damage and ultimate death caused-by the 
infection. 

The Effect of Supplementary Injections of Glucose. If carbo- 
hydrate depletion is the direct cause of injury and death, then 
daily injections of glucose should at least modify the course of the 
illness. A series of experiments were made to test this assumption. 
The results are shown in the following table. 


Tasce I. 


Effect of glucose injections into rats on the course of a ‘Trypanosome infection. 


| Incuba- | Duration | 
Number Weight Date tion of | 
of -ingrms., —- Dose infected time, infection, | ‘Treatment 
rats average days days 
2 53-5 150,000 3-Vi.28 5 17.5 Untreated 
2 e356 | 150,000 3-V1.28 5 19.5 | 0.5 cc. 10% glucose sol. 
| | from 31.v.28 to end 
| 
5 33-2 | 10,000 | 22.vi.28 II 15.0 | Untreated 
6 33-3 10,coo 22.v1.28 fe) 15.0 | 05 cc. 10% glucose sol. 
daily from 4.vii.28 to end 
6 33-2 50,000 28.x1.28 3-5 8.5 | Untreated 
6 $3.2 50,000 28. x1.28 3.0 8.7. 0.5 c.c. 10% sol. of glucose 
| | daily from 1.xii.28 to end 
| 
5 33-4 50,000 13..xi.28 5.8 - 16.0 | Untreated 
5 33.6 50,000 —-13.-xi.28 6.0 13.0 (05 cc. 10% glucose 
| daily from 19.xi.28 to end 
6 36.3 16,000 =. 25.1.29 4.0 17.8 | Untreated 
| 
6 41.5 16,000. 25..1.29 4.5 22.8 0.5 glucose injection 
| twice daily, and 1.0 
glucose supplementary 
| to diet; beginning 2 
_ days after the infection 
the end 
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The results indicated an advantage when the glucose treatment 
was begun before or at the beginning of the infection. The groups 
which were given glucose from the time that trypanosomes first 
appeared in the circulation, that is at the end of the incubation 
period, showed no advantage over the untreated group. In the 
three series in which the glucose injections were begun at the onset 
of the infection, the average duration of the infection in the untreated 
rats was 12-9 days, while in the treated ones it was 12:2 days. In 
the two other series the advantage is definitely with those rats 
which received glucose—17-7 days against 22 days. 

Respiratory Exchange of Trypanosome Infected Animals. The 
respiratory exchange was studied on a large series of infected rats. 
To eliminate errors in experimentation the normal animals were 
first accustomed to the apparatus. At the beginning the animals 
were extremely restless. After several tests, however, they remained 
perfectly quiet even for several hours. Observations were first made 
on normal animals which had become accustomed to the apparatus ; 
these animals were then infected and the respiratory exchange 
measured at various stages of the infection as determined by direct 
chamber counts. The infecting dose was small (25,000 Tr.) in 
order to prolong the duration of the illness. 

The apparatus used for the respiration experiments is a modifica- 
tion of the Benedict apparatus devised by Geiger. In several 
instances the Haldane apparatus was used as a control. The results 
obtained with the two systems were in entire agreement. The 
animals remained in the apparatus at least two hours, and each 
time the apparatus was tested before and after the experiment to 
assure absence of leakage. 

One would assume, on the basis of the observations made by 
Nauss and Yorke (1g1r) and others, that trypanosomes consumed 
oxygen in vitro, that 7m vivo as well their activity would be marked 
by a higher oxygen consumption by the animal. This, however, 
we failed to observe in many oft-repeated tests. There appears, 
on the contrary, a depression in activity, the reason for which is 
not clear; this question will be discussed more fully below. 

The results are shown in Table II. It is apparent that there is 
no increase in oxygen consumption in trypanosome infected rats, 
as compared with normal ones. On the contrary, there seems 
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often, in the last stages of the infection, to be a lowered oxygen 
consumption. It should be noted that we used a species of trypano- 
some different from that of Fenyvessy. In all our experiments we 
used the strain of T. evanst which had been isolated by us (Kligler and 
Weitzmann, 1924) about five years ago, from mules. 


II. 


Respiratory exchange in trypanosome infected rats. 


| 
| | Number of 
Number Day of Weight Og consumed | Respiratory | trypanosomes Date 
of examination in | per hour quotient per cubic mm. of 
rat grammes per kilo, | of blood death 
McCollum |Diet— Old ‘rats | 
I 3.1v.28 15 | 1,377 0.81 | 
I g.iv.28 me | 0.80 
I 27.1v.28 0.78 48,000 1.V.28 
1 30.1v.28 181 | 1,367 4, 0.79 1,166,000 
2 3.iv.28 179 0.86 | 
2 15.iv.28 0.83 
2 27.1V.28 176 | 1,369 4, 0.80 8,000 3.V.28 
2 30.1v.28 176 1,350 45 0.77 60,000 
| Young. rats. 
3 5.41.28 96 2,080cc. | 0.86 
3 6.11.28 96 2,080 ,, 0.86 6.11.28 
3 14.11.28 102 0.88 
3 28.11.28 102 2,082 ,, 0.80 Infected 
3 3.11.28 102 1,904 4, 0.82 Heavy infection 
4 7.11.28 112 | 0.88 | 
4 27.11.28 1,962 ,, | 0.89 infection | 28.11.28 
4 28.11.28 Heavy infection 
2 hours before 
death 
5 29.1.28 130 1,873 c.c. 0.83 fe) 
5 3.11.28 131 » 0.80 ° 4.11.28 
5 2.11.28 132 1,940 4, 0.77 Heavy infection 
Salt Poor |Diet— Sodium poor diet 
6 2g.111.28 181 1,490 | 0.71 
6 29.1V.28 183 1,458 5, | 0.74 700,000 1.V.28 
6 30.1v.28 182 1,479 5 0.72 1,600,000 
7 22.1v.28 136 1,531 | 0.87 30.1V.28 
29.1V.28 132 1,491 5, 0.79 1,034,000 
Potassium ‘poor diet 
8 30.11.28 148 1,800 c.c. | 0.81 
8 1.iv.28 148 1,872 3, 0.88 29.1V.28 
8 29.iv.28 132 1,890 ,, 0.81 1,034,000 
9 30.11.28 132 1,580 c.c. 0.81 
9 I.iv.28 132 1,642 ;, 0.84 
9 29.1V.28 132 1,621 ;, 2.79 734,000 
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Lactic Actd Production. ‘The negative results obtained in the 
experiments reported above and more particularly the absence 
of an increase in the respiratory exchange of infected animals, 
strengthened our first assumption, that incompletely oxidised 
metabolic products of glucose, probably lactic acid, resulted from the 
activity of the trypanosomes and gave rise to an acidosis. We, 
therefore, directed our attention to the presence of lactic acid in 
infected animals. 

The quantitative determination of lactic acid in the blood is a 
somewhat complicated procedure, and care must be taken to prevent 
any convulsive movements on the part of the animals which, in them- 
selves, would cause a rapid rise in the lactic acid content. The 
procedure adopted was as follows :—The animal was starved twelve 
hours before being bled. It was then placed under a beaker con- 
taining a cotton wad soaked in ether. The animal dozed off slowly 
with relatively few movements, and in about one minute was in deep 
narcosis. It was immediately placed on the board, a thin canula 
inserted in the carotid artery and the blood withdrawn with a glass 
syringe. After a little practice the whole procedure lasted only a 
few minutes. 

The arterial blood was examined by the method described by 
lriedmann, Cotonio and Shaffer (1927). Heparin was used to prevent 
coagulation. 

Before the tests were made on infected animals, a series of 
normal animals were examined by the same procedure. Likewise, 
each time a normal control was run to check the procedure. The 
results seem, therefore, relatively free of error. 

At the time when blood was taken for lactic acid determination, 
a red cell count, haemoglobin determination and trypanosome 
count weremade. The lactic acid data could, therefore, be correlated 
with other findings. 

The results are shown in Table III. In the first part of the table 
are cited data for normal animals. The average red cell count is 
about 7,000,000, the haemoglobin index over go, and the lactic 
content 30 mgm. per 100 c.c. of blood. In the infected animals 
there is a progressive decrease in the red cell count with the increase 
in the number of trypanosomes, the haemoglobin index is only 
slightly reduced, but there is a definite progressive rise in the lactic 


> 
| 
q 
an 
| 
Sage 
ge 


332 


acid concentration parallel to the rise in the number of trypanosomes. 


In instances where the animal is approaching exitus—Nos. 15 2 i 
and 16—the amount of lactic acid is relatively enormous, three to four i 
times the normal concentration. 


III. 


Lactic acid in normal and trypanosome infected blood. 


| | 
| Number of Number of | Haemoglobin Lactic acid ; 
Rate trypanosomes red cells index ; | mgm. in 
per c.mm. per c.mm. | Sahhi Too c.c. blood 
| | | 
| | | 
1. Normal | 7,000,000 95 35.0 
2. 9 7,500,000 93 29.0 
3: ” 29.5 
4. 6,800,000 29.7 
| 6,450,000 86 26.0 
| 
| | 
Average... | 3? 
| 
| 
1. ‘I'ryp. Inf. | 10,000 | - 8,000,000 | 29.6 
| | 
| 
12,000 | 6,500,000 35 | 52.7 
| | 
50,000 | 9700,000 85 57.0 
56,000 6,600,000 $3 58.0 
| 
5. 118,000 | 7,000,000 73 2.6 
6. 120,000 | 7,000,000 86 | 72.0 
*, , és 300,000 | 6,000,000 78 | 43.0 
| 
$8 300,000 | 30.8 
| 
| 
10. 1,080,000 78 | 103.0 
12 1,450,000 5,000,000 | 80 | 94.0 
| 
1,600,000 7,000,000 | 87.0 
14. 1,650,000 5,000,000 | 101.0 
| 
15. io 1,850,000 4,000,000 62 120 
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It would seem, therefore, that the trypanosome infected animal 
is constantly in a state of acidosis even when the number of organisms 
is still relatively small, 50,000 to 100,000 per c.mm. Whether 
the lactic acid is due directly to the trypanosomes or indirectly to an 
impairment in the oxidative processes of the tissues, is not clear. 
In either case, there seems to be an insufficiency in the oxidative 
mechanism to complete the oxidation of the lactic acid. This is 
in harmony with the data on the respiratory quotient recorded above. 

Nor is the reason for the lowered oxidation quite clear. The 
decrease in the number of red cells does not account fully for this 
phenomenon because the red cells are decreased rather slowly at 
first and only towards the end is there a sharp and sudden diminution 
in their numbers. Two possibilities present themselves. One is 
that there is a rapid consumption of oxygen by the trypanosomes, 
leading to a lowering in the oxygen tension of the blood and depriving 
the tissues of their needed oxygen. In favour of this view is the 
drop in the oxygen saturation of the blood in infected animals 
observed by Scheff (1928). The data reported by this author show, 
however, considerable variations and our own observations thus far 
reveal very little difference in the oxygen content of the arterial blood 
of normal and infected rats. 

The other possibility is that the lactic acid is produced continually 
by the trypanosomes and too rapidly for complete oxidation and 
that the lactic acid in turn affects the oxidative process. Thus a 
vicious circle is established. This view is partly supported by the 
observations made by Geiger (1929) that 77 vitro certain anions, and 
particularly lactate, deflect the isoelectric point of haemoglobin. 
This effect is, however, dependent on the concentration of the 
anion, and it is doubtful whether in the early stages of the infection 
this constitutes the most important phase. The process is obviously 
a cumulative one beginning with a rapid and continuous production 
of lactic acid, leading probably to a progressive depletion of the 
alkali reserve, a reduced oxidation and a still greater accumulation 
of lactic acid, resulting in further depletion of the alkali reserve and 
depression of the normal oxidative processes ; death finally resulting 
from asphyxia. 

That the acidosis plays a considerable part in the pathology of the 
disease is indicated by experiments now under way. Two sets 
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of five rats of the same weight were infected at the same time with 
7. evansi ; one set was untreated and the other received twice daily, 
0-5 c.c. 10 per cent. bicarbonate solution intraperitoneally. In spite 
of the evident injury due to excessive bicarbonate, the average 
duration of life in the control group was 18 days, and in the bicar- 
bonate treated group, 26-5 days—almost a 50 per cent. increase in the 
duration of life. These results are very suggestive. 


CONCLUSIONS 


1. Injection of large doses of trypanosomes, or serum taken 
when the trypanosome number is at its maximum, does not produce 
any visible toxic symptoms in rats. 

2. Daily injection of glucose to supplement the food affects 
the course of infection favourably only if started at the time of 
inoculation and not if started after the incubation period. 

3. The oxygen consumption of trypanosome infected rats is not 
increased ; towards the end of the infection it appears somewhat 
lower than normal. 

4. Parallel with the increase in the number of trypanosomes, 
there is a progressive increase in the concentration of lactic acid in the 
blood—in the later stages up to three or four times the normal. 

5. It is suggested that the pathological processes are engendered 
by the metabolism of the trypanosomes which results in the rapid 
production of lactic acid, leading to exhaustion of the alkali reserve 
and probably also to a depression of the oxidative processes by the 
specific effect of lactic acid on the haemoglobin. 

6. Experiments are under way which indicate that injection of 
bicarbonate tends to increase the life of the animals as compared 
with the untreated controls. 
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NOTES ON TREATMENT OF FIFTY-TWO 
CASES OF RHODESIAN TRYPANOSOMIASIS 
WITH BAYER 205 AND TRYPARSAMIDE 


BY 


GEORGE MACLEAN, M.B., Cu.B., D.T.M. 


SLEEPING SICKNESS OFFICER, TANGANYIKA TERRITORY 
(Received for publication, 14 May, 1929) 


During the latter half of 1924 an outbreak of human Trypano- 
somiasis was discovered in the Ufipa District of Tanganyika Territory, 
and early in the following year cases were also found in the adjacent 
District of Tabora. 

The species of Tsetse present, G. morsitans, the acute nature 
of the disease, a few months’ duration only, and the finding of 
‘ posterior-nuclear forms’ in a rat inoculated with the Ufipa strain, 
all indicated that the disease was of the Rhodesian type. 

Fifty-two cases (all of whom were diagnosed microscopically) 
commenced treatment between November, 1924 and the end of 
1925, and nearly all the survivors were kept under observation 
until 1928. 

In twenty-one cases injections of 1:0 to I°4 grammes of Bayer 
205 were given on the Ist, roth, and 28th days respectively ; four 
patients died before the second injection was due. 

In three cases weekly injections of Bayer 205 were given. 

Three cases were given Tryparsamide in 3-gramme doses weekly 
for eight weeks. 

The method of treatment subsequently adopted and administered 
to twenty-five cases was to give a minimum of two injections of 
Bayer 205, each of 1 gramme, followed after one or two months’ 
interval by twelve weekly injections of Tryparsamide. The first 
two doses of Tryparsamide were usually 2 grammes, and _ after- 
wards the dosage was gradually increased to 4 grammes; _ there 
was generally an interval of one month between the fourth and fifth, 
and between the eighth and ninth injections. The drugs were 
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administered either intramuscularly or intravenously. Children 
were generally given proportionately smaller doses. 

Unfortunately it was difficult to get patients to attend regularly, 
with the result that a large proportion did not receive treatment at 
the specified time, and some did not receive the total dosage laid 
down for them. 

For the purposes of analysing the results of treatment the 
following classification is adopted* :— 


CLASS I. Comprises cases with no appreciable oedema or wasting 
before treatment commenced. This Class consists almost entirely 
of cases of less than six weeks duration and of ‘ carriers,’7.e., infected 
persons with slight symptoms of insidious onset or no symptoms 
at all. 


CLASS 2. Comprises cases with appreciable oedema and wasting 
before treatment, but who are still able to walk about and attend to 
their ordinary wants. 


CLASS 3. Comprises cases who are asthenic and emaciated and 
too ill to attend to their ordinary wants. 
The following are typical histories :— 


Case U17. Female. Adult. 


Condition before treatment: Ill about three months. Emaciated. Oedema 
of legs and feet. Just able to walk. ‘Trypanosomes found in the blood. 


‘Treatment (First course): Bayer 205, three injections intramuscularly in +2 to 
I:3-gramme doses on 2.12.24, 12.12.24 and 29.12.24. 


‘Total dosage 3°8 grammes. 


Result: Apparent recovery for a time, but was again in indifferent health in 


September, 1925. 


Treatment (Second course): Bayer 205, four injections in I-gramme doses 


between 9.9.25 and 7.10.25. 
‘Total dosage 4 grammes. 


Result : Though improved, trypanosomes appeared again in the blood in December, 
1925, and by February, 1926, there was a definite clinical relapse. 


Treatment (Third course): Bayer 205, three injections in I-gramme doses from 


7.3.26 to 14.3.26. 
Total dosage 3 grammes. 
Result : Died 22.3.26. 


* The cerebro-spinal fluid was not examined before treatment in any of these cases but in the 
routine examination of other series of cases it has hitherto been found that oedema is practically 
never present except when the cerebro-spinal fluid is infected. 
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Cast U20. Female. Age about 30 years. 


Condition before treatment: II] about one month. No emaciation or oedema. 
Able to walk about for miles. ‘Trypanosomes present in the blood. 


Treatment : Bayer 205, three injections intramuscularly in 1-2-gramme doses on 
2.12.24, 12.12.24, and 29.12.24. 


Total dosage 3-6 grammes. 


Result ; Uninterrupted recovery. She was quite fit when seen in February, 1928. 


Case 157. Male. Age about 25 years. 


Condition before treatment: Ill one month. Emaciated. Oedema of feet. 
Hardly able to walk. ‘Trypanosomes present in the blood. 


Treatment (First course): Bayer 205, three injections intravenously in I-gramme 
doses between 12.9.25 and 27.9.25. 


Total dosage 3 grammes. 


Treatment (Second course): Tryparsamide six injections in 3 to 4-gramme doses 
from 27.10.25 to 18.12.25. 


Total dosage 21 grammes. 


Treatment (Third course): Tryparsamide eight injections in 3-gramme doses, 
from 1.5.26 to 3.7.26. 


Total dosage 24 grammes. 


Result: Recovery. No relapses. Was fit end of 1927. Not seen, but reported 
to be fit, end of 1928. 


'T64. Female. Age about 25 years. 


Condition before treatment: IIl three weeks. Emaciated. Oedema legs 
and feet. Able to walk a little. ‘I'rypanosomes present in blood. 


Treatment (First course): Bayer 205, three injections in I-gramme doses from 
7.10.25 to 21.10.25. 
e 


Total dosage 3 grammes 


Treatment (Second course): ‘Tryparsamide, five injections in 3-gramme doses 
from 7.11.25 to 18.12.25. 


Total dosage 15 grammes. 

Result : Improvement. Then relapse in April, 1926. 

Treatment (Third course) : Tryparsamide, eight injections in 2 to 3-gramme doses. 
Total dosage 20 grammes. 


Result : Died August, 1926. 
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The results obtained in the three classes are summarised in the 


following tables :— 


Tasre 


Showing cases which received a single injection of Bayer 205 only. 


Category 


Class 1 
Class 2 


Tot | Ded | Wel 
treated 
I I 
I I 
3 | 3 | 0 
| 


II. 


Showing cases which received three injections of Bayer 205 over a period of 15 to 30 days and a total 
amount of at least 3 grammes (children receiving proportionately smaller doses). 


| | Alive 
Category Total | Dead 
treated | Relapsed Well 
Class 1 8 3 O 5 
Class 2 7 6 I Oo 
Class 3 2 2 fe) O 


Nore.—Cases who were subsequently treated with Tryparsamide for relapse are also included. 


Tasre IIT. 


Showing cases which received at least eight injections of Tryparsamide over a period of eight weeks 
and a total amount of at least 24 grammes. 


* Died of pneumonia. 


Alive 
Category Total Dead 
treated Relapsed Well 
Class 1 I | ° ° I 
Class2 2 | I ° 
| 
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Tasre IV. 


Showing cases which received at least three injections of Bayer 205 over a period of 15 to 30 days 
and of a total amount of at least 3 grammes, followed within two months by a course of at least ten 
injections of Tryparsamide and a total amount of at least 29 grammes (children receiying propor- 


tionately smaller doses). 


Category Total | Dead Well 
treated | 
| 
Class 2 ove ees 4 3 I 
Tasie V. 


Showing cases which received an incomplete course of Bayer 205 and Tryparsamide. 


| | Alive 
Category | Total Dead 

treated | Relapsed Well 
Classi... 13 2 2 9 
Class2. 4 I I 2 

Taste VI. 
Showing relapsed or re-infected cases after further treatment. 
Treatment after relapse Died Recovered 
At least 3 grammes of Bayer 205 or Fourneau 309 in three or 

Irregular course of Tryparsamide or Bayer and Tryparsamide 4 4 


* Two of these cases, belonging to Class 1, are not included in the preceding tables as they 


received their first course of Bayer irregularly. 
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RESULTS OF TREATMENT 


Before discussing the results obtained it is necessary to make 
clear the position with regard to relapses. In none of the relapsed 
cases could re-infection be excluded, and not until a large series 
of treated cases is.observed under fly-free conditions can data be 
obtained which may distinguish the two conditions. 

It may, nevertheless, be of significance that it is the late cases 
that usually ‘ relapse.’ We may, perhaps, assume that re-infections, 
if they have occurred, bear the same ratio to true relapses throughout 
the three classes. 

In general, the tables show that while early cases, Class 1, treated 
with Bayer 205 alone, have, in the majority of instances (over 
60 per cent.) recovered, late cases (Classes 2 and 3) so treated, 
almost invariably died, whereas equally late cases treated with both 
Bayer and Tryparsamide have occasionally recovered. 

The more advanced the cases before treatment, the greater the 
tendency to relapse and death. 

A relapse, when it occurs, usually becomes evident within less 
than a year from the commencement of treatment, but may be as 
late as fifteen months or more. There is no evidence yet that 
relapses occur after two and a half years, but that they may do so 
in some form or other is possible in view of the fact that, in cases of 
apparent recovery, lumbar puncture performed nearly two years 
after the commencement of treatment sometimes reveals a large 
number of cells (as many as 260 per c.mm.) in the cerebro-spinal 
fluid. 

One point in connexion with relapses may be of practical 
importance: namely, that parasites sometimes appear in the 
peripheral blood when the patient feels in almost normal health 
and is going about his ordinary duties. If these parasites are 
infective these patients may be a greater danger to the community 
than if they had been left untreated. 


TOXIC EFFECTS OF THE DRUGS 


_ Beyond the severe pyretic reaction that frequently follows the 
first injection of Bayer 205, the only toxic. symptoms seen after 
this drug were Nephritis and a combination of cbaasaniied and 


Stomatitis. 
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It was not possible to make regular examinations of the urine 
and some transitory albuminurias may have been overlooked. 
Severe long-standing Nephritis was seen in only three cases, one of 
whom had Dermatitis. In two of these the Nephritis appeared to 
be a contributory cause of death. Only one case of Dermatitis was 
seen and it has already been described in a previous paper. 

The only toxic effect of Tryparsamide seen was Optic Neuritis. 
This was nearly always bilateral and usually complete and permanent, 
though perhaps sometimes it may be partial and transitory. This 
condition may possibly be due, not to the pure drug itself, but to 
some product of its decomposition, for, though it occurs occasionally 
when the solution is made in distilled water, it appears to be more 
common if only filtered water is used, or if the solution is heated 
to too high a temperature. 


CONCLUSIONS 


Generally speaking, the earlier the treatment the better the 
chances of recovery. There is good reason to expect that an uncom- 
plicated case taken in the first two or three weeks of infection will 
make a complete recovery, if given four grammes of Bayer 205 in 
three or four doses, the treatment being spread over a month. To 
allow a margin of safety it may be advisable to administer as much 
as eight grammes, but if this is done the urine should be watched 
daily for albumen. How far Bayer 205 should be withheld when 
albuminuria occurs is a matter for judgment in each individual case, 
but generally the treatment should cease until the albumen disappears 
if three grammes have already been given, but should not be withheld 
for more than ten or fourteen days if only two grammes or less have 
been given. An individual dose should not ordinarily exceed 
one and a half grammes. The optimum total dosage of Bayer 205 
is not known, and a series of late cases on a prolonged course of 
treatment should be worth observing. 

Tryparsamide alone, though not generally regarded as satisfactory 
in this type of Sleeping Sickness, has given good results in some 
cases and would seem to deserve further trial. Solutions of this 
drug should always be made in distilled or freshly-collected rain 
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water, and the solution should not be allowed to stand long or heated 
beyond blood heat. Should dimness of vision occur, treatment 
should cease until the sight is completely restored. 

Treatment by Bayer 205 followed by Tryparsamide gives better 
results than Bayer 205 alone. When the combined treatment is 
being given Bayer 205 should be administered in the same way 
as when the drug is given alone and after this course Tryparsamide 
should be given in 2 or 3-gramme doses at weekly intervals (with 
or without a month’s interval between the fourth and fifth, and 
the eighth and ninth injections) until at least 36 grammes are 
given. What interval should elapse between the last dose of 
Bayer 205 and the first dose of Tryparsamide is still a matter of 
conjecture, but a month has been found suitable. 

In the above series children generally reacted badly to treatment, 
but this may possibly be because the doses were too small. It has 
since been found that children tolerate both drugs extremely well. 

It is important that a series of treated cases who are in good 
health but whose cerebro-spinal fluid remains abnormal for several 
months after completing treatment, should be given a further course 
of Tryparsamide without waiting tor the development of any 
symptoms. ‘These could then be compared in years to come with 
cases that had not been so treated. 

Work on the infectivity of Trypanosomes in relapsed cases 1s 
urgently needed. 


I am indebted to Drs. Buchanan, Park Noble, and Williamson, 
and to Mr. Irvine, for completing the treatment in some of the cases 
and for keeping them under observation; to Dr. Coghlin, for 
reporting on the Ufipa cases, in 1928. 

I have to thank Dr. J. O. Shircore, C.M.G., Director of Medical 
Services, Tanganyika Territory, for permission to publish the paper. 
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THE ACTION OF PRAP. 3510 IN 
RHODESIAN SLEEPING SICKNESS 


BY 


GEORGE MACLEAN, M.B., Cu.B., D.T.M. 


SLEEPING SICKNESS OFFICER, TANGANYIKA TERRITORY 
(Received for publication 14 May, 1929) 


In 1928, supplies of a drug known under the name of Prap. 3510 
were obtained in Tanganyika Territory, from the firm of 
I. G. Farbenindustrie A. G., Héchst-am-Main, Germany. Prap. 3510 
is a white powder easily soluble in cold water. It is an arsenic 
compound. but its formula is not disclosed. 

The drug is made up in I, 2 and 2} gram ampoules, but there is 
no other guide to dosage. 

The first series consisted of three cases treated in April and May, 
1928. ‘Two of these were chosen because they were very advanced 
cases for whom there was little hope of recovery with any known 
treatment. The third case was comparatively robust. He was 
regarded as a good subject because he appeared to have sufficient 
reserve of vitality to react to Bayer 205 later if the new drug did not 
prove efficacious. He was also suffering from Keratitis, and this 
fact seemed an additional advantage in gauging the action of the drug. 

The drug was not successful and all three patients eventually 
died. This was to be expected in the first two, who could hardly 
hope to recover unless the new drug proved more efficacious than 
Bayer 205. The death of the third was rather a surprise and was 
probably accelerated by the action of the drug. 

The following is a brief history of each case :— 

Cast 1. Male. Age about 30 years. Ill about 2} months. Condition on 
the day treatment commenced: Just able to walk. Some emaciation but no 


oedema. Auxiliary glands slightly enlarged. Fresh blood—Trypanosomes present 
in fair numbers. 


Treatment with Prap. 3510: 3:75 gms. intravenously. 


First day after treatment : Vomited during the night. Fresh blood—No trypano- 
somes in 150 fields. Cercbro-spinal fluid—T'rypanosomes present. Cells 
25 per 
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Second day after treatment: Vomiting ceased, Fresh blood—No trypanosomes 
in 150 fields, 


Fourth day after treatment : Vomited again through the night. Fresh blood—No 
trypanosomes in 200 fields, 


Sixth day after treatment: Vomiting ceased during the previous day. Fresh 
blood—No trypanosomes in 200 fields. Became rapidly weaker and died 
in the afternoon, 


Caszr 2. Male. Age about 40 years. Ill about 2 months. Condition 
on the day of treatment: Just able to walk. Emaciated. Slight oedema of fect. 
Kpitrochlear glands enlarged. blood—Trypanosomes in large numbers. 


Treatment with Prap. 3510: 2*5 gms, intramuscularly. 


First day after treatment : Vomited through the night. Fresh blood—No trypano- 
somes in 200 fields. Cerebro-spinal fluid—Trypanosomes present. Cells 
45 per c.mm. 


Third day after treatment: Vomited yesterday. Weaker. Fresh blood—No 
trypanosomes in 200 fields. 


Fifth day after treatment: Vomiting ceased. Fresh blood—No trypanosomes in 
200 fields. 


Sixth day after treatment : Stuperose. 

Seventh day after treatment: Comatose. Tresh blood—No trypanosomes in 
200 fields. 

Kighth day after treatment : Died. 


Case 3. Male. Age about 20 years. Ill about 2} months. Condition 
on the day of treatment: Well nourished. Able to walk for miles. No oedema. 
Spleen, axillary and epitrochlear glands enlarged. Conjunctivitis and keratitis of 
one eye. No vomiting. lresh blood—Trypanosomes scanty. 

Treatment with Prap. 3510: .2°25 gms. intramuscularly. 


First day after treatment : Vomited the previous evening after the injection. Fresh 
blood—No trypanosomes in 160 fields. Cerebro-spinal fluid—Trypano- 


‘somes present. Cells 150 per c.mm. 


Third day after injection: No vomiting for 48 hours. Eye condition distinctly 
improved. Fresh blood—No trypanosomes in 200 fields. 


Sixth day after treatment : No more vomiting. Conjunctivitis and keratitis almost 


completely disappeared. Patient feels well. Fresh blood—Trypanosomes 
numerous, 


Seventh day after treatment: Fresh blood—Trypanosomes still numerous but are 
rather sluggish. After examination of the blood, 2 gms. of Prap. 3510 was 
given intramuscularly. Vomiting set in shortly after administration but 
was checked with Sodium Bicarbonate and Opium. 


Kighth day after commencement of treatment: No vomiting, but weaker than 
before second injection, Stained thick blood film—No trypanosomes. 


Ninth day after commencement of treatment : Weaker. Fresh blood—No trypano- 
somes in 180 fields. 


‘Tenth day after commencement of treatment : Died. 
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The reactions observed in Case 3 suggested that the symptoms 
following the administration of the drug might not be due to direct 
action, but to the products of the sudden destruction of large numbers 
of trypanosomes. 

As the drug appeared to have a definite trypanosomicidal action, 
it was decided that observations ought to be continued under modified 
conditions. A fourth case was accordingly selected and 1 gm. of 
Bayer 205 was administered to sterilise the peripheral blood. 

A week after, 2 gms. of Prap. 3510 was administered intra- 
venously. In this case there was little or no reaction, and the 
patient was able to take eight weekly intravenous injections, a 
total of 16 gms., without untoward symptoms and with very good 
clinical results. Nine months after commencing these injections 
he felt well except for some pains in his legs, and he was doing heavy 
muscular work. 

Two more cases were subsequently treated with Prap. 3510 alone : 
at first, I gm. doses were given, but later the doses were increased 
to 2 gms. These cases survived the treatment, but the results 
were not satisfactory as the following histories show :— 


Case 5. Male. Age about 60 years. Ill about 1 month. Condition 
on the first day of treatment: Fairly well nourished. Able to walk for miles. 
Oedema legs and feet. Axillary and epitrochlear glands enlarged. Fresh blood— 
Trypanosomes present in fair numbers. Cerebro-spinal fluid—Trypanosomes 
present in fair numbers. Cells 30 per c.mm. 


Treatment with Prap. 3510: I gm. intravenously. 


First day after treatment : No vomiting. Only symptom was a rise of temperature 
about five hours after injection. Fresh blood—No trypanosomes in 150 
fields. Stained thick film also negative. 


Subsequent history of the case: The blood was again negative on the third and 
twelfth days after treatment, and no untoward symptoms developed. 


On the fourteenth day after commencement of treatment a second I gm, 
dose of Prip. 3510 was given. 2 gms. were given on the twenty-first day, 
2 on the twenty-eighth, and 1} on the thirty-fifth. 


Trypanosomes were present in the blood after the second and third 
injections and in the cerebro-spinal fluid after the fifth. 


No vomiting occurred even after the larger doses but the general 
condition of the patient had not improved, and routine treatment with 
Bayer 205 and Tryparsamide was resorted to. 


Case 6. Male. Age about 25 years. Ill about 3 months. Condition 
on the first day of treatment : Nutrition and gencral health good. Trace of oedema 
of legs and feet. Able to do a moderate amount of work. Blood (fresh and 
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stained)—no parasites seen. Cerebro-spinal fluid—'rypanosomes (70 per c.mm.,) 
present. Cells 5 per c.mm. 
Treatment with Prap. 3510: 1 gm. intravenously, 


First day after treatment : No vomiting. Stained thick blood film—No trypano- 
somes. 


Subsequent history of the case : ‘Trypanosomes were found in the blood twelve days 
after treatment, but no untoward symptoms developed. 


On the fourteenth day after commencement of treatment a second 
1 gm. dose of Prap. 3510 was given. 2 gms. were given on the twenty-first 
day, 2 on the twenty-eighth, and 1} on the thirty-fifth. 


‘Trypanosomes were present in the blood after the second and third 
injections, and in the cerebro-spinal fluid after the fifth. 


During the first month of treatment there was a slight improvement 
in the general health, but after the fifth injection, patient began to lose 
ground rapidly, and it became necessary to revert to Bayer 205 treatment. 


‘There was no vomiting after the larger doses of Prap. 3510. 


CONCLUSIONS 


The limits of the pharmacological dose of Prap. 3510 in man are 
not known, but there is reason to suspect that its action is much 
more toxic if there are large numbers of trypanosomes in the 
peripheral circulation when it is administered. 

It has proved much less efficacious than either Bayer 205 or 
Tryparsamide in moderate doses. While it may possibly be an 
efficient trypanosomicide in larger doses the margin of safety is 
so narrow that it is of no practical value when administered alone. 
Its action in association with Bayer 205 is being observed, but it will 
probably take some years before any definite conclusions can be 
arrived at about this method of treatment. 

The drug is well worth a trial in the various trypanosomiases 
of domestic stock. 


I am indebted to Dr. Fairbairn for keeping Cases 5 and 6 under 
supervision during the latter part of their treatment. 

I have to thank Dr. J. O. Shircore, C.M.G., Director of Medical 
Services, Tanganyika Territory, for permission to publish the paper. 


| 
| 
| 
| 
| 
| 
| | 
| 
| | 
| 
3 
é 


AN ACCOUNT OF THE ANATOMY OF 
CERTAIN CESTODES BELONGING TO THE 
GENERA STILESIA AND AVITELLINA 


BY 
H. F. NAGATY 
(Veterinary Research Student in the Parasitology Department of the 
Liverpool School of Tropical Medicine) 


(Received for publication 31 July, 1929) 
PLATE V 
INTRODUCTION 


In the museum of the Liverpool School of Tropical Medicine 
there is a large collection of cestodes referable to the sub-family 
AVITELLININAE. The bulk of the material was collected from Africa. 

Investigations on these worms were suggested by Dr. IT. 
Southwell, I. R.S.E., of the Liverpool School of Tropical Medicine, 
to whom I am also indebted for much help and criticism. I am 
also indebted to Professor W. Yorke, M.D., for much valuable advice 
and help. 

The material was preserved in formalin solution and was all 
fragmented, no complete worms being present and, owing to this 
fact, it proved a laborious task to follow the development and 
relationships of the different organs in the species described. 

A large number of total mounts, serial, transverse, horizontal 
and sagittal sections of the different parts of the worms were made. 
The thickness of the sections varied according to circumstances, 
from 5u to 25u. The stain used throughout the work was acetic 
acid alum-carmine. 

As many camera lucida drawings as possible were made because, 
in my opinion, this is the surest and easiest means of identifying 
these worms. Tl urthermore, the preparation of these figures assisted 
materially in the elucidation of several points which were not at first 
perfectly clear. 
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Family ANOPLOCEPHALIDAE Fuhrmann, 1907. 


Scolex unarmed, without rostellum or accessory suckers, 
Segments broader than long. Genital organs single or double in each 
segment. Genital pores may be absent. Genital ducts generally 
pass dorsally to the excretory vessels, but may pass between them 
or ventrally to them. Testes numerous or few. Uterus tubular, 
reticulate or sac-like ; it may become transformed into egg-capsules, 
or it may be replaced by one or more paruterine organs. Eggs with 
three envelopes, the inner one being chitinous and sometimes bearing 
a pyriform apparatus. Adults in birds, mammals and reptiles. In 
no species of this family is the life-history known. 

Type genus :—A noplocephala Blanchard, 1841. 


Key tro Sus-Famivies (after Southwell). 


Userus developing paruterine Thysanosominae 
Uterns breaks up into egg capetles Linstowinae 


Sub-family THYSANOSOMINAE TFuhrmann, 1907. 


Large worms. Genital pores double or single; in the latter 
case they are irregularly alternate. Genital canals dorsal to excretory 
vessels or between them. Testes very numerous or few, in a single 
field, or in two lateral groups. Female genitalia in poral half of 
segment. Vitelline gland may be absent, in which case the ovary 
contains the nutritive cells. Uterus tubular, sometimes very long, 
and undulating. Paruterine organs present ; may be very numerous 
or single. They each contain several eggs. Adults in ruminants. 

Type genus :—Thysanosoma Diesing, 1835. 


Kry to THE GENERA INCLUDED IN THE SuB-FamMILy 'THYSANOSOMINAE 
(after Southwell). 


With a double set of genital organs in each segment..........ecseeeeeeeees Thysanosoma 

With a single set of genital organs in cach segment ...........ceeeeeeeeeees I 

1. With one paruterine organ in each segment .........cscceceeeeeeeeeees Avitellina 

With more than one paruterine organ in each 2 

2. With two paruterine organs in each segment ..........cececeeeeeeeeeees Sitlesta 
With numerous paruterine organs in each segment ........ 3 

3. Testes within excretory vessel ........... A scotaenia 


Testes in two fields, one lateral, to the excretory vessels on cach 
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Baer (1927) united the sub-family AVITELLININAE Gough, TgTT, 
with the sub-family THySANOSOMINAE Fuhrmann, 1907. 

The following genera referable to this old  sub-family 
AVITELLININAE have been described, viz., Stilesta Railliet, 1893, 
Avitellina Gough, 1911, Hexastichorchis Blei, 1921, and Anootypus 
Woodland, 1928. 

Southwell (1929) considered that only two genera are valid, viz., 
Stilesta and Avitellina, and he placed the genera Hexastichorchis and 
Anootypus as synonyms of the genus Avitellina. This paper deals 
with species of the two genera Séilesia and Avitellina. 


Diagnosis of the genus Séilesia Railliet, 1893. 


Strobila thin and narrow. Outer segmentation always distinct, 
and corresponding to the internal segmentation of the genitalia. 
Longitudinal muscles in one layer. Ventral excretory vessels lateral 
to dorsal vessels. Testes in two groups, one on each side of the 
strobila, all external to the dorsal excretory vessels, none in the 
middle field. Cirrus sacs ventral and anterior to the vulvae. 
Genital ducts pass between the excretory vessels and dorsal to the 
nerve. Ovary single, situated porally, internally to the ventral 
and externally to the dorsal excretory vessels. Uterus single 
but with two lateral dilatations, each situated between the dorsal 
and the ventral excretory vessels. Paruterine organs double, and 
taking the place of the lateral dilatations of the uteri. Parasites in 
ruminants. 

Type species :—Stilesia globtpunctata (Rivolta, 1874), Raillict, 


1893. 


Key To THE Known Specirs oF THE GeENus Stilesta. 


Testes all lateral to the dorsal excretory vessels ..........seceeeeeeee S. hepatica 
‘Testes all lateral to the ventral excretory vessels ...........c0ceeeeees I 


Vas deferens forms a mass of intricate convelutions between the 
cirrus pouch and the outer wall of the ventral excretory vessels... $. vittata 


Vas deferens forms three or four close coils before it enters the 


Diagnosis of the genus Avitellina Gough, IgII. 


Strobila thin and narrow. Outer segmentation usually not 
distinct. Longitudinal muscles in a single layer in the cortex and 
well developed ; another thin subcuticular layer may or may not be 


tal 
4 
| 
ay 


352 


present. Testes in two or four rows. Uterus and _ paruterine 
organs single in each segment. Genital ducts pass dorsal to the 
excretory vessels and nerve. 

Type species :—A. centripunctata (Rivolta), 1874, Railliet, 1893. 


Key To THE Species or rue Genus -4z1tellina. 


Dorsal excretory vessels completely absent: .......0.0.s0seesenseas.s0000 I 
Woodland, 1928 


Woodland, 1928 
Dorsal excretory vessels lateral to ventral excretory vessels... 3 
Dorsal excretory vessels median to ventral excretory vessels ... 4 


tv 


3. Some testes lateral to the dorsal excretory vessels .............4. A. pintnert 
Blei, 1921 
No testes lateral to the dorsal excretory vessels ............000005 A. egyptiaca n.sp. 
4. Qurer cow of teeter Ont 5 
Outer row of testes more than one testis deep ...........c0ee ee 6 
5. Mature paruterine organs kidney-shaped ..........ceeeeeeeeeeeee 4. sudanea 
Immature paruterine organs snail-shaped A. lahorea 


Woodland, 1927 


6. Outer rows of testes are four to eight deep, and there is a 


distinct row of testes external to the nerve cords.............+. A. southwelli n.sp. 


Outer rows of testes three to six deep ; paruterine organs are 


Woodland, 1927 
Outer rows of testes are two to three deep and with anterior 
annular thickenings on each proglottid A. chalmersi 


Woodland, 1927 


Outer rows of testes one to two deep; paruterine organs 
(1) Stilesta globipunctata (Rivolta), 1874, Railliet, 1893. 

Host :—Ovis laticauda. 

Locality :—Unknown, probably Africa. 

The worms are whitish in colour and delicate. The margins 
are serrated on account of the fact that the posterior angles of the 
segments project laterally, thus distinguishing the anterior from 
the posterior ends of the pieces of the strobila with certainty. The 
breadth of the immature parts of the strobila is about 3304. The 
individual segments are about 80u to gow in length. The male 
mature strobila measure about 864 in breadth and the individual 
segments 144u to 1g6win length. In the region where the paruterine 
organs are well developed, the breadth of the worm varies from 
490u to goo and the segments are about 220u in length in the 
narrow parts, and about 110 in length in the broader parts. The 
genital pores are irregularly alternate and open near the anterior 
angles of each segment. 
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Excretory System. Both excretory vessels are well developed 
throughout the whole length of the strobila. The ventral vessels 
are lateral to the dorsal vessels and measure, in the immature region, 
about rom in diameter. The dorsal vessels have thicker walls 
than the ventral ones and are smaller, measuring only 7 in diameter ; 
they lie slightly dorsal to the ventral vessels. 

In the male mature region, however, the ventral vessels enlarge 
to about 30m and the dorsal vessels to about rom in diameter. In 
the region where the paruterine organs are developed, the ventral 
vessels measure about 40u and the dorsal vessels only 6 in diameter, 
but the latter are quite distinct. 

Muscular System. The longitudinal muscles are in one layer 
and are feebly developed except in the anterior part of the worm, 
where they are well developed. 

Male Genitalia. The testes are situated lateral to the ventral 
excretory vessels. They are more or less restricted to the angles 
formed by the ventral excretory vessels and the posterior borders of 
the segments. There are from four to seven on each side. 

Porally they are always posterior to both the cirrus pouch and 
the vulva, and they never occur anterior to these organs. The testes 
on the aporal side usually out-number those on the poral side. 
Fach fully mature testis measures about 47 in diameter. 

The cirrus pouch is pyriform and measures 54 by 43; it is 
always anterior and ventral to the vulva. 

The vas deferens is thrown into three or four coils before it enters 
the cirrus pouch. 

Female Gemtalia. The ovary is situated between the dorsal 
and ventral excretory vessels on the poral side, and at first is indicated 
by a cluster of darkly-staining nuclei. It measures about 58 by 43 
when fully mature. 

Immediately posterior to it is another cluster of darkly- 
staining nuclei indicating the rudiments of the poral part of the 
uterus, and in the corresponding position in the aporal half of the 
segment a similar uterine rudiment is present. Each of these 
measures about 25 in diameter. Later on the uterus becomes a 
spherical or oval mass of fibres measuring about 35 in diameter and 
yet containing no eggs. 

In the segments immediately posterior a very interesting 
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phenomenon is displayed, in that the two uteri enlarge at the expense 
of the ovary. That is to say, in the succeeding twenty to fifty 
segments the ovary gradually atrophies, the two uteri enlarge and 
finally contain the eggs, the ovary having completely disappeared. 
The eggs can be seen passing from the ovary to the poral part of the 
uterus, which latter lies posteriorly and in close contact with it. No 
connecting duct was seen between them: the eggs most probably 
pass through the tissues. In several segments eggs were seen 
wandering towards the apora! parts of the uteri and a few of them were 
distinctly amoeboid in shape. In some cases the duct connecting 
the two parts of the uterus was seen containing the wandering ova ; 
in other cases, however, it could not be traced although eggs were 
seen in the middle of the segments. This duct is tortuous in its 
course, appears to be contractile and measures about 5 only in 
the region where there are no ova. The writer must state here that 
the figures 8 and 10 of Stilesta vittata and Stilesia globipunctata in 
Gough’s monograph are erroneous with regard to the position and 
relation of the uteri to the ovaries. He figures the uteri anterior 
and median to the ovaries, but they are without doubt immediately 
posterior to them, as shown in fig. 2. 

Paruterine Organs. In partly-gravid strobila the paruterine 
organs are situated between the dorsal and ventral excretory vessels 
and are attached posteriorly to fibrous structures, which latter 
assume two shapes, one being like the letter T and the other 
resembling an inverted letter L. The short limb of the L-shaped 
fibrous structure is directed inwardly. If we trace these structures 
posteriorly, we find that the cross-bar of the T-shaped rudiment 
or the short limb of the L gradually expands and separates from 
the ‘remaining limb of the T or the long limb of the L, forming a 
strong fibrous pad in front of the paruterine pouch to be described. 
The ‘remaining limb of the T or the long limb of the L develops, 
and a membrane round the fibres is differentiated, forming in the 
end the paruterine pouch. This is situated anteriorly and somewhat 
median to the paruterine organ and is composed of concentrically 
arranged fibres. An opening between this pouch and the paruterine 
organ is present and through it some of the fibrous tissue passes 
into the paruternie organ, pushing the eggs towards its posterior 
margin. Insome paruterine pouches, especially those at the posterior 
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end, a number of eggs, two or three, can be seen in the middle of the 
concentric fibres. 

The paruterine organ also changes its position from being 
median to the ventral excretory vessel to being dorsal, or even 
completely external to it in some segments; being pushed, so to 
speak, by the developing paruterine pouch, which, so far as can be 
seen, is located between the dorsal and the ventral excretory vessels. 

Stiles, in his description of Stilesia globipunctata, says :—‘ An 
organ, the function of which I am unable to explain, appears anterior 
to the uteri and running transversely. This organ lies ventrally of 
the vas deferens—in those cases where the vas deferens extends 
so near the anterior margin and stains quite dark in carmine or 
haematoxylin.’ I am of opinion that these organs are the fibrous 
pads referred to in this paper. 


(2) Stilesia inttata Railliet, 1896. 


Host :—Camelus sp. (Camel). 

Locality :—Unknown. 

The strobila to the naked eye appears quite different from that 
of Stilesta hepatica. It is more transparent and less fleshy. Seg- 
mentation is visible to the naked eye. 

The fragments examined measure up to 10 cm. in length and 
from 2:°5 mm. to 4 mm. in breadth. All the segments are broader 
than long, and measure about 215, in length. | 

The fragments are from different parts of the strobila and nearly 
all of them are folded ventrally on themselves and much curled and 
twisted. 

Strong fibrous pads are situated towards the anterior edges of 
gravid segments ; each pad is composed of a middle part and two 
denser, saucer-shaped extremities, the concavities of which are 
directed posteriorly, covering the inner parts of the paruterine 
organs. The genital pores are irregularly alternate and open near 
the anterior angles of the segments. 


Excretory System. The ventral excretory vessels are well 
developed, especially in the posterior parts of the strobila, where 
they measure about 214 in diameter, whilst anteriorly they measure 


about 73. 
The dorsal vessels, on the other hand, are only well developed 
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in the anterior part of the worm, and measure about 231 in diameter 
and have thick walls. They are situated internally to the ventral 
excretory vessels, and either slightly dorsal to them or at the same 
level. 


Posteriorly the dorsal vessels gradually atrophy and the ventral 
enlarge. 

In each segment there arise from the outer and inner sides of both 
ventral vessels, two small, thin-walled tubes, having a diameter of 
about 7. Each arises either singly or as the result of the fusion of 
two small ducts. The internal branch joins the main ventral 
vessel on the other side, being situated towards the posterior margin 
of the segment. The outer branch can be traced towards the margin 
of the segments where it divides into three or four branches. Like 
the internal branch it is situated near the posterior margin of the 
segment. 

Nervous System. The nerve cord is situated about midway 
between the lateral margin of the strobila and the outer wall of the 
ventral excretory vessel. 

Muscular System. The longitudinal muscles are in one layer 
only, not in two as described by Gough. This layer is very weakly 
developed. A subcuticular layer is not present. The transverse 
muscles are also feebly developed and separate the denser, cortical 
parenchyma from the spongy medulla. Strong and distinct muscular 
fibres run from the wall of the genital atrium to the dorsal and ventral 
surfaces of the segment, and ramify before reaching the ventral or 
dorsal surfaces. They are undoubtedly modified dorso-ventral 
fibres. 

Calcareous Corpuscles are irregularly scattered throughout the 
parenchyma but tend to be clustered towards the junction of the 
segments, more so towards the margins. In cross-sections they 
are seen to be situated mostly in the cortical parenchyma. They 
stain very lightly and most of them show a concentric structure. 
They are irregular in shape and measure from 7 to 1ow. 

Male Gemtalia. The testes are spherical or oval in shape and 
are situated externally to the ventral excretory vessels. There 
are from five to ten on each side, each measuring about 66 in 
diameter. On account of the fact that the male and female genital 
ducts occupy the anterior half of the segment on the poral side, 
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the testes of this side are situated in the posterior half, whilst on 
the aporal side they extend much more anteriorly. It is noteworthy 
that the testes have not atrophied even in segments in which the 
paruterine organs are well developed. The vas deferens, which has 
not previously been described, is clearly shown in our fofo mounts. 
It begins on the aporal side as a thin tube having a diameter of about 
7. It appears to arise from the innermost testis of the aporal side 
and runs across the anterior part of the segment, in front of the 
vessel connecting the two ventral excretory vessels. In the middle 
field it is very convoluted and stains more deeply than the rest of the 
duct, thus making this part easily seen even under a_ low 
magnification. More laterally towards the pore side it again con- 
tinues its more or less straight course. It crosses the posterior 
margin of the poral paruterine organ and then bends towards the 
anterior margin in front of the testes, forming a mass of intricate 
convolutions, before it enters the cirrus pouch, 1.e., between the 
pouch and the outer wall of the ventral excretory vessel. As far as 
can be seen there is no capsule surrounding this mass of convolutions. 
Immediately internal to this mass of convolutions the vas deferens 
dilates into a small oval vesicula seminalis with thick walls, the 
contents of which stain deeply—these are probably spermatozoa. 

The vas deferens could only be seen in a few segments ; the middle 
convoluted part is, however, visible in many others. The cirrus 
pouches are oval in shape and open towards the anterior angles 
of the segments. They measure about 115” by 66”. The cirrus 
was protruded in some of the segments and measured about 831 in 
length. 

Female Genitalia. The ovary is only found in segments where 
the paruterine organs are not yet developed. It is situated on the 
poral side only, between the ventral and dorsal excretory vessels 
but nearer the former. It measures about 100” by 66u and contains 
from twenty to thirty ova. 

The vulvae measure about 82 by 13 and are dorsal and posterior 
to the cirrus pouches on both sides. 

The genital atria are about 66” in depth and their walls are 
covered by long, slender, hair-like processes which measure about 
33 in length. The genital pores open in the centre of a conspicuous 
papilla which is elevated from the surface of the margins. 
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The uterus consists of two dilated lateral parts, one on each 
side, which are situated between the dorsal and ventral excretory 
vessels. There can be no doubt that these two dilatations are 
connected by a duct similar to that found in Stilesia hepatica and 
Stilesia globipunctata, but unfortunately it could not be traced in our 
specimens, in spite of the fact that many transverse sections were 
made in different regions of the strobila. Paruterine organs take 
the place of the uteri in posterior segments: there are two in each 
segment, one internally to each ventral excretory vessel and in 
close apposition to its internal wall. 


(3) Stilesia hepatica Wolffhiigel, 1903. 


Host :—(1) Cobus cob, gall bladder and bile ducts ; East shore, 
Lake Albert, Tonya, Africa; (2) Liver of sheep, Durban, South 
Africa ; (3) Hepatic duct of sheep, Rhodesia. 

The breadth of the fragments range from I-3 mm. to 2:4 mm. 
Segmentation is quite distinct to the naked eye. The margins of the 
strobila are serrated on account of the projection of the posterior 
angles of the segments. The latter are much shorter than broad, 
measuring from about 40” in male mature segments, up to 200w in 
length in gravid segments. The posterior borders of most of the 
segments are excavated, forming shallow concavities into which the 
anterior borders of the succeeding segments lie. 

The genital pores are irregularly alternate and situated near 
the middle of the lateral margin of the segments. 

Excretory System. The excretory vessels are both well developed ; 
the ventral ones are situated externally and ventrally to the dorsals 
and are about 66 in diameter. The dorsal vessels have thicker 
walls than the ventral ones and they measure about 40 in diameter. 
In no other species of the genus Sétlesta are the dorsal vessels so well 
developed and constant, or are the walls so thick. 

Nervous System. The nerve cord is situated externally to 
the ventral excretory vessels and is nearly midway between the 
margin and the outer border of the ventral vessel. 

Muscular System. The longitudinal muscles consist of a stout 
layer which almost surrounds the strobila. It is situated about 
132 below the cuticle and measures about 99m in thickness. 

Male Genitalia, The testes are oval in shape, measuring about 
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116" by 46m in diameter when fully mature. They are arranged 
in two rows, one on each side of each segment. From eight to ten 
testes can be counted on each side. They are situated laterally to the 
dorsal excretory vessels and dorsally to the ventral vessels. 

The vas deferens from the aporal testes meets that from the poral 
testes, forming by their union the main vas deferens. This passes 
towards the poral side between the two excretory vessels and dorsal 
to the nerve. It forms a few loops dorsally to the ventral excretory 
vessel before it enters the cirrus pouch. The latter is pear-shaped, 
measuring 83 in length by 50m” in maximum diameter. 

Female Genitalia. The ovary is spherical or kidney-shaped 
and measures 80u by 50. It is situated porally just median to the 
ventral vessel and nearly on the same level. It lies laterally and 
ventrally to the dorsal vessel. The uterus is single but consists of a 
transverse tube dilated at each extremity ; each dilatation is oval, 
measures 664 by 50m, and is situated between the dorsal and the 
ventral excretory vessel on each side. The two parts are connected 
by a duct through which ova travel from the poral to the aporal 
parts of the uterus. The paruterine organs are two in number, one 
on each side, and they measure about 132 by 1oow. 


(4) Avitellina centripunctata (Rivolta), 1874, Railliet, 1893. 


Host :—Ox. 

Locality :—Freetown, West Africa. 

The fragments examined measure about mm. in breadth. The 
margins appear slightly serrated, but when the fragments are suitably 
magnified, these indentations are found not to correspond to the 
segments, as two or three genital openings may occur between two 
indentations. This is the case in the male mature segments, but in 
the gravid ones the indentations are not so deep and the margins are 
only raised here and there, especially where the genital pores open. 

With regard to Woodland’s statements that ‘ in gravid proglottids 
of A. centripunctata the margins are more salient posteriorly and 
are crenulated on their anterior borders,’ and (in a footnote), 
‘curiously enough, Gough’s figure of the Transvaal species described 
by him shows crenulations on the posterior border of the margin,’ it is 
to be noted that our specimens do not show these characteristics of 
the margins described by Woodland and Gough. The genital 
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pores are irregularly alternate, and the segments are very short ; 
in male mature and gravid segments there are no septa formed 
between the segments, although Woodland figures them. In gravid 
segments, however, strong fibrous pads, which stain deeply, are 
formed in front of the paruterine organs. 

E:xcretory System. ‘This is composed of four longitudinal vessels, 
two on each side. The external pair, the so-called ventral vessels, 
are large, and can be seen with the naked eye, as two clear lines in 
stained total mounts. Each measures, in cross-section, about 
120" by 50mu in the male mature region, and 2004 by 150m in the 
gravid region, and they have thin walls. The internal pair, the 
so-called dorsal vessels, are very small in comparison with the ventral 
ones, and can only be seen under high magnification. In transverse 
sections they are rendered conspicuous by the presence of clusters of 
nuclei, which surround them. Attention is here drawn to the 
position of these so-called dorsal vessels ; they are, in fact, placed 
ventrally. In order to determine which was the dorsal and which 
was the ventral surfaces, the writer has always relied on the position 
of the ovary as being ventrally placed, and on the passage of 
the genital ducts dorsally to the excretory vessels and nerve. In 
male mature strobila the dorsal vessel can be seen under high 
magnification and is situated about 80m internally to the inner wall 
of the ventral vessel. In gravid strobila, however, the vessel is very 
minute, and is situated a distance of about 60 internally to the 
inner wall of the ventral vessel, the difference between the two 
distances being evidently due to the enlargement of the ventral 
excretory vessels. 

Nervous System. This consists of two nerve cords, one external 
to each ventral excretory vessel, and at one-third the distance from 
the external wall of the latter vessel and the lateral margin of the 
strobila. 

Muscular System. This consists of an inner thick and an outer 
thin layer. The former is about 4oy in thickness and is situated 
about 80m from the cuticle. It surrounds the strobila except for two 
gaps at the lateral margins of the worm. The fibres are arranged in 
pyramid-shaped groups, whose summits are directed outwards. 
The outer layer is situated under the sub-cuticula, and is one fibre 
thick. 
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Male Genitalia. The testes are arranged in four rows, one on 
each side of each of the ventral excretory vessels. The outer row is 
one or two testes deep, and does not extend laterally beyond the 
nerve cord. The inner one is four to five testes deep. The testes 
are spherical, and have a diameter of about 664. The cirrus pouch 
is pyriform, much shorter than the vagina, and measures about 
115 by 50u; it is always anterior to it. 

Female Gemtalia. The ovaries are spherical in shape, and form 
two rows in the strobila, one on each side of the medianly-placed 
uteri. Each ovary measures about 50 and is situated slightly behind 
and ventrally to the poral side of the uterus of the same segment. 

The vulva is spindle-shaped, and covered by gland cells, which, 
in surface view, gives it the appearance of a mulberry. It measures 
about 216u in length, by 43m in breadth, and is always situated 
posteriorly to the cirrus pouch, but it may be either dorsal or ventral 
to it. 

The vagina passes dorsally to both excretory vessels and 
nerve ; it dilates into a receptaculum seminis, midway between the 
inner wall of the ventral excretory vessel, and the lateral margin of 
the uterus. It is spindle-shaped, measuring 173” by 72” and ts 
often full of spermatozoa. Immediately internal to it, the vagina 
divides into an oviduct which runs to the posteriorly-situated ovary, 
and a uterine duct which runs to the uterus; both these ducts 
have thicker walls than the vagina. 

The ovaries and testes atrophy as soon as the paruterine organs 
develop, the former first. 

The uteri and paruterine organs are almost in one row in the 
middle field of the strobila, but are situated slightly on the poral side. 
Fibrous pads are vet not developed in front of the paruterine organs in 
this region. Later on, the uteri become enlarged, sac-like and 
contain the eggs, but in our specimens no capsules were seen round 
the latter. 

More posteriorly, strong fibrous pads are formed in front of each 
paruterine organ. These are curved rods of tissue, the concavities 
of which are directed posteriorly. In the middle of this concavity 
there lies an oval fibrous organ, the paruterine pouch which measures 
about 1624 by 108 
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(5) Avitellina sudanea Woodland, 1927. 


Host :—Ovis laticauda. 

Locality :—Unknown ; but the geographical distribution of this 
host is Tartary, Arabia, Persia, Barbary, Syria and Egypt. These 
worms were probably collected in Egypt. 

The fragments examined range in size from I cm. to about 
15 cm. in length, by about 2 mm. in breadth. Externally the 
strobila do not appear to be segmented ; when suitably magnified, 
the genitalia definitely indicate true segmentation. In the male 
mature region, the margins of the worm are not indented segmentally, 
nor are there fibrous septa between the segments ; the latter, however, 
develop in the gravid part of the strobila. 

The genital pores are irregularly alternate. 

Excretory System. The ventral vessels appear as comparatively 
clear, wide canals on each side, and in the immature region they 
measure about 50. The dorsal vessels have a diameter of about 
26m and are situated internally to the former. In a male mature 
strobila measuring 1:25 mm. in breadth, the ventral vessels are 
well developed, thin walled, and have a diameter of 80m”. In a 
gravid strobila they attain a diameter of 250, while the dorsals 
measure only about 4m in diameter. Thus, antero-posteriorly the 
ventral vessels enlarge, whilst the dorsal ones become smaller. 

Muscular System. The longitudinal muscles are apparently 
inasingle layer. No trace of the outer layer described by Woodland 
could be found in the specimens examined. 

Male Genitalia. The testes are arranged in four rows, one on 
each side of each of the ventral excretory vessels. The external 
row is one testis deep, and in the male mature strobila is very much 
interrupted ; thus in a piece of strobila containing 41 segments, 
there are, on one side, 1g testes external to the ventral vessels and 
84 internal to it. On the other side there are 15 testes external 
to the ventral vessel and 101 internal to it. It will thus be noted 
that the outer row of testes is absent in many segments; in the 
gravid region, however, it is more continuous. The internal row is 
two to three testes deep. 

Each testis is oval or spherical and measures about gon by 60 
in diameter. The vas deferens can be traced to the level of the 
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ovary and is thrown into a few convolutions. The cirrus pouch 
is pyriform, about the same length as the vulva, or slightly shorter, 
and measures 1154 by 36. It contains several coils of the vas 
deferens, which in the gravid segments occupies the entire cirrus 
pouch. The latter extends to about three-quarters the distance 
between the lateral margins and the outer wall of the ventral 
excretory vessel. 

Female Genitalia. The ovary is kidney-shaped. In male mature 
segments it is situated on the poral side of the rudiment of the 
paruterine organs ; it measures about 80u by 66y. 

The vulva is pyriform and covered, except at its extreme distal 
extremity, by a layer of glandular cells. These—the minute structure 
of which can only be seen with an oil immersion lens—are club- 
shaped, their distal ends being dilated, and each contains a single 
nucleus. 

The vulva measures about 130m 1n length, by 40u in breadth, with 
the layer of gland cells included, but 1gu only excluding the layer 
of gland cells. 

The vagina is also covered by similar cells, throughout its length, 
except in the region of the receptaculum seminis ; the latter is 
spindle-shaped, measures about 804 by 32m, and is_ situated 
immediately median to the ventral excretory vessel. In the gravid 
strobila it enlarges, and becomes globular, having a diameter of 
about 100”; the glandular cells disappear and it becomes almost 
filled with spermatozoa. Internally to it, the vagina divides into an 
oviduct leading to the ovary, and a uterine duct running to the 
uterus. These two tubes are wider than the vagina. 

The vulva is usually posterior to the cirrus pouch in almost 
all the segments, but is rarely anterior or on the same dorso-ventral 
plane. Thus, in 150 segments, the vulvae were posterior except 
in four cases, where they were anterior, and nine cases in the same 
dorso-ventral plane as the cirrus pouches. The vulvae, again in the 
majority of the segments, are dorsal to the cirrus pouches ; in some 
they are ventral. 

The paruterine organs in this species are of a peculiar shape, as 
shown in the figures, and anterior to each is an inter-segmental 
fibrous pad, which stains deeply. Each paruterine organ measures 
1324 by 66u. The eggs are spherical, and measure 23 in diameter. 
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(6) Avitellina southwelli, n.sp. 


Host :—Sheep. 

Locality :—Accra, West Africa. 

The fragments examined vary in length from 10 cm. to 50 cm., 
and have a breadth of about 3:2 mm. in the male mature region. 
The worm is fleshy compared with other species of this genus and, 
in the gravid region it is almost cylindrical. 

In total mounts the lines of segmentation in the male mature 
region are, at first, very difficult to detect, as there are no septa 
between them. The genital organs are so crowded together that 
it was thought in the first instance that each segment contained 
two ovaries. Close examination by means of horizontal and trans- 
verse sections showed, however, that the segments are very short, 
and contain only one ovary which is situated on the poral side of the 
uteri. 

In gravid strobila, however, the segments are longer, measuring 
about 72m in length and indistinct septa are formed between them, 
which are only visible when horizontal sections are made. 

Excretory System. his is composed of the usual pairs of large 
ventral vessel and the small internally situated dorsal vessels. 
The former are wide, measuring about 240m in the male mature 
region and about 320, in the gravid region. They follow a very 
tortuous course. Entire groups of encapsuled eggs, as well as 
isolated ones liberated from their capsules, are seen inside the 
ventral vessels in the gravid segments. ‘he dorsal vessels measure 
about 7 in the male mature region. ‘They are completely atrophied 
in the gravid strobila. 

Muscular System. The longitudinal muscles are in one layer 
which is well developed and consists of separate bundles of about 
twenty fibres each. 

Nervous System. This consists of two longitudinal nerves situated 
one on either side, about midway between the lateral margins of the 
worm and the outer walls of the ventral excretory vessels. 

Male Genitalia. The testes are numerous, compared with other 
species of this genus ; they are spherical and measure from 50y to 
80u, being arranged in four rows, one on each side of the ventral 
excretory vessels. The outer row is four to eight testes deep and 
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there is a distinct row one testis deep external to the nerve cord. 
This condition, i.e., the presence of testes externally to the nerve cord 
and of the large number of testes externally to the ventral excretory 
vessels, has not been described before in any species of the genus 
Avitellina, and, together with other peculiarities to be discussed 
later, justifies the erection of a new species. The internal row is 
four to six testes deep and extends from the internal wall of the 
ventral excretory vessel to the region of the ovaries. 

The vas deferens is loosely coiled before it enters the cirrus 
pouch and runs dorsally to both the excretory vessels and the nerve. 
The cirrus pouch is pear-shaped and contains several coils of the 
vas deferens ; it measures about 144m by 36m. 

Female Gemtalia. The ovaries are in two longitudinal rows 
immediately median to the internal row of testes, and in each row 
they are situated close to each other. Between these two rows are 
the uteri. As the latter develop the essential genital organs atrophy, 
the ovaries first. 

Each ovary is situated ventrally and internally to the dorsal 
excretory vessel close to the poral end of the uterus. It is distinctly 
oval, measuring 70" by 50”. Leading from the ovary is a short 
oviduct which unites with the uterine duct and forms the ootype or 
fertilization canal. Externally to the latter the vagina dilates to 
form a receptaculum seminis which is situated dorsally, midway 
between the dorsal excretory vessel and the poral extremity of the 
uterus ; it is spindle-shaped and measures about 65, by 36y. 

The vulva is elongated and surrounded by glandular cells; it 
measures 200u by II, tapering towards both ends and passing 
gradually into the vagina. 

The genital ducts pass dorsally to both the excretory vessels 
and the nerve. 

The vulva is situated either dorsally or ventrally to the cirrus 
pouch, and they are on the same plane dorso-ventrally. The uteri 
lie in the middle fifth in the male mature strobila and the middle 
third in gravid strobila. At first they are narrow transverse bands 
of tissue which alternate markedly from side to side. Posteriorly 
they become sac-like and disposed in two longitudinal rows. 
Eventually they enlarge laterally and become pear-shaped. When 
fully gravid they occupy the whole region between the inner walls 
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of the ventral excretory vessels. Mature paruterine organs measure 
about 326 in length by 2124 in maximum breadth, and each contain 
from three to four egg capsules. The egg measures about 22m in 
diameter. This worm differs from all hitherto described species of the 
genus Avtiellina in the following points :— 

(1) The outer row of testes is from four to eight deep and there 
is a row, one testis deep, situated externally to the nerve 
cord. 

(2) The cirrus pouch and the vulva are in one plane dorso- 
ventrally. 

(3) It differs from A. centripunctata with regard to the position 
of the uteri in that in A. southwellt they alternate from side 
to side in the male mature as well as in the gravid 
segments, whilst in A. centvipunctata they are practically 
in one row in the male mature region as well as in the 
gravid strobila. 

I propose for this new species the name of Avitellina southwellt, 
in honour of my teacher, Dr. T. Southwell, and in recognition of 
his unfailing help. 


(7) Avitellina egyptiaca, n.sp. 


Host :—Cephalopus sp. (Duiker). 

Locality :—Nagoa, N.E. Rhodesia, Africa. 

The fragments examined measure from 2 cm. to 10 cm. in length, 
and from I mm. to 1°8 mm. in breadth. They show no signs of 
external segmentation, even if suitably magnified, but the genitalia 
are segmentally arranged. The segments are very short and the 
genital pores are irregularly alternate. 

Excretory System. In an immature portion of strobila, 10 cm. 
in length and 1-7 mm. in breadth, the arrangement of the excretory 
vessels is peculiar in that the small dorsal vessels are situated laterally 
to the large ventral vessels, and in this particular the worm resembles 
Hexastichorchis pintnert Blei, 1921. The dorsal vessel is not coiled ; 
it lies a little nearer to the ventral vessel than to the margin of the 
worm, and measures, in this region, about 36m in diameter. The 
ventral vessels are regularly coiled and measure about 72m in 
diameter. 

In a fragment of the male mature strobila measuring 5 cm. in 
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length and 1-6 mm. in breadth, the ventral vessels have a diameter 
of about 130. In transverse sections the two vessels are situated 
in the same plane, and in the middle line of the dorso-ventral diameter 
of the strobila. 

Muscular System. The longitudinal muscles are arranged in two 
layers, the inner is strongly developed, and has a thickness of 224. 
The fibres are more or less evenly scattered in this layer, and are not 
formed into separate bundles. The outer is a subcuticular layer 
and is situated immediately below the cuticle, and is one fibre deep. 

Male Gemtalia. The testes are arranged in four rows, one 
internal and the other external to the ventral excretory vessel, 
and between the latter and the outer dorsal vessel on each side. 
The outer row is two to three testes deep, the inner being four or 
five, and very compact. Each testis is distinctly elongated and 
measures about gow by 

The vas deferens is thrown into several loose coils before it 
enters the cirrus pouch. The latter is pyriform and measures 
about 834 by 24; it is always dorsal to the vulva on both sides, 
and on the same plane dorso-ventrally. The genital ducts pass 
dorsally to both the excretory vessels and the nerve. 

Female Genitalia. The ovaries are situated close to the poral 
side of the uteri, and are ventrally placed ; each measures about 
54u. The ovarian eggs measure about 16m in diameter. The 
vagina is dilated to form a receptaculum seminis midway between 
the ventral excretory vessel and the ovary. It is oval in shape 
and measures about g90u by 24u. The vulva measures about 108 by 
II, and is not covered by glandular cells. 

The paruterine organs, when fully developed, are practically 
arranged in alternating rows, and occupy the middle third of the 
breadth of the strobila. Each measures about 245 by 100, and 
has a semi-lunar fibrous pad in front of it. In gravid segments 
the testes and ovaries have atrophied and the ventral excretory vessels 
are straight and not coiled. 

This species differs from all the others within the genus Avitellina 
in that the small dorsal excretory vessel lies externally to the ventral 
vessel! although they are in the same transverse plane, as seen in the 
cross-sections. It agrees with Blei’s species, Hexastichorchis pintnert, 
in this respect. It differs from it, however, in having only four rows 
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of testes, one on each side of each ventral excretory vessel, the outer 
being situated between it and the dorsal vessel ; thus, there are no 
testes externally to the dorsal vessel as there are in H. pintnert. 
In the latter species there are six rows of testes in the anterior 
part of the worm, one internally to the ventral vessel ; one between 
it and the dorsal vessel, and one external to the dorsal vessel. It 
differs from A. centripunctata, as above stated, in the presence of the 
small dorsal vessel, lateral to the large ventral vessel ; it also differs 
from it in the presence of the paruterine organs in two rows in the 
middle field of the strobila and in the cirrus pouches being always 
dorsal to the vulvae and in one plane with them dorso-ventrally. 


EXPLANATION OF LETTERING 


te = cirrus. o.l.m. = outer longitudinal muscle. 
c.c. = calcareous corpuscles. p.o. = paruterine organ. 

¢.p. = cirrus pouch. p.p. = paruterine pouch. 
d.e.v. = dorsal excretory vessel. r.s. == receptaculum seminis. 
é. = .eggs. t. = testes. 

= fibrous pad. tm. transverse muscle. 

ga. = genital atrium. ut. == uterus. 

1./.p. = imtersegmental fibrous pad. ut.d. — uterine duct. 

i.l.m. == inner longitudinal muscle. v. = Vagina. 

int.d. == interuterine duct. v.d. = vas deferens. 

lm. = longitudinal muscle layer. v.e.0. = ventral excretory vessel. 
n. = nerve. v.s. == vesicula seminalis. 

0. = ovary. vu. = vulva. 


od. = oviduct. 
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Fic. 2. Stilesia globipunctata. Male mature segments show 
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Dorsat. 


VENTRAL. 


Fic. 3. Stilesia globipunctata, Cross-section showing migration ova. x 45. 


ANTERIOR. 
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Fic. 4. Stilesia globipunctata. Showing fully-developed uteri and the relation of the vulva to 
the cirrus pouch. ‘The ovaries have completely atrophied. x 33. 


ANTERIOR. 


PosTERIOR. 


Vic. 5. Stilesia globipunctata. Partly gravid segments showing the shape of the fibrous structures 
in front of the paruterine organs, also the persistent testes and the dorsal excretory vessels. x 33. 
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ANTERIOR. 


PostTERIOR. 


Fic. 6. Stilesia globipunctata. Gravid segments showing mature paruterine pouches, displaced 
paruterine organs, the opening between them, and the strong!y-developed fibrous pads, and the still 


persistent dorsal excretory vessels. x 66, 


Fic. 8. Stilesia elobipunctata. Showing 
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variable shape of migrating ova, 


Fic. 7. Stilesta globipunctata. Showing the 
vulva, cirrus pouch and genital atrium surrounded 
by hair-like processes. 400. 
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PosTERIOR. 
Fic. 9. Stilesia vittata. Male mature segments showing the position of the calcareous corpuscles 


and the genitalia. 60. 
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Fic. 10. Stilesia vittata. Cross-section showing the relation of the cirrus pouches to the 
vulvae and the passage of the genital ducts between the excretory vessels. x go. 


ANTERIOR. 


PosTERIOR. 


Fic. 11. Stilesia vittata. Gravid segments showing the complete course of the vas deferens— 
ovaries and dorsal excretory vessels have completely atrophied. x 30. 


Dorsat. 
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Fic. 12. Stilesia hepatica. Cross-section in a male mature segment showing the relation of the 
genital ducts to the excretory vessels. x 30. 


ANTERIOR. 


PosTERIOR. 


Fic. 13. Stilesia hepatica. Gravid segments showing the paruterine organs and pouches and 
the relations of the cirrus pouches to the vulvae. x 30. 
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ANTERIOR. 


PosTERIOR. 


Fic. 14.  Avitteilina centripunctata. Showing male mature strobila. x 25. 


DorsaL. 


VENTRAL. 


Fic. 15. Avitellina centripunctata. Cross-section in a male mature storbila. 


ANTERIOR. 


PosTERIOR. 


Fic. 16. Avitellina centripunctata. Showing a gravid strobila. » 2 
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Dorsat. 


VENTRAL. 


Fic. 17. Avitellina centripunctata. Cross-section in the gravid region. x 30. 


Fic. 18. Avitellina centripunctata, Showing parutcrine organ and pouch and an intersegmental. 
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Fic. 19. Avitellina sudanea. Showing male mature strobila. x 30. 
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Vic. 20. <Avitellina sudanea. Cross-section in the male mature strobila. x go. 


ANTERIOR. 


male mature strobila. x 17. 


Mic. 21. Avitellina sudanea. Gravid strobila 
showing the enlarged receptacula seminis and the 
shape of the paruterine organs. ‘The ovary have 
completely atrophied in this stage. 30. 
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Fic. 23. Avitellina southwelli, n.sp. Cross-section in the male mature strobila. 


Nic. 24. Avitellina southwlli, n.sp. Showing the partly gravid strobila. 
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Fic. 22. Avitellina southwellt, n.sp. Showing 
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Fic. 26. Avitellina egyptiaca, n.sp. Showin; 
the immature strobila. The testes are beyin- 
ning to develop. x 30. 


Fic. 25. Avttellina soutkwelli, n.sp. Showing the gravid 
strobila. x 25. 


Dorsat. 


VENTRAL. 


Vic. 27. Avitellina egyptiaca, np. Cross-section in the immature region. x 48. 
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Fic. 28. Avitellina wgyptiace, n.sp. Showing the male mature strobila. x 
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VENTRAL. 
Fic. 29. Avitellina wgvptiaca, n.sp. Showing the cross-section in the male mature strobila. x 48. 


Fic. 30. Avitellina wgyptiaca, n.sp. 


Fic. 31. Avitellina egyptiaca, n.sp. Showing gravid strobila. 


tp 


< 
Th LS. 
t. 
0 


Showing partly gravid ctrobila. 
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EXPLANATION OF PLATE V. 


Stilesia globtpunctata. Photograph showing the heads of the 
worms deeply embedded in the mucosa of the small intestine of 
sheep. xX 2. 
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ON A NEW SPECIES OF 
PHYLLOBOTHRIUM (P. MICROSOMUM) 
FROM AN INDIAN SHARK 


BY 


T. SOUTHWELL 


AND 


I. S. HILMY 
(kecetved for publication 22 July, 1929) 


Four specimens of this cestode have been obtained from the 
intestine of Ginglymostoma concolor. Pearl Banks, Ceylon. Pearson. 
No. 158. 9.3.21. 

The worms are very minute and measure from 2:2 mm. to 2-4 mm. 
in length; they are composed of six or seven segments, the last 
one being nearly as long as the rest of the worm, and measuring 
about I mm. in length. The maximum breadth of the worm varies 


Fic. 1. Phyllobothrium microsomum. Entire worm. » 38. Original. 
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from 234 to 312". The genital pores are difficult to locate ; they 
are irregularly alternate and situated a little behind the middle of the 
lateral margin of the segment. The head consists of four unarmed, 
boat-shaped bothridia borne on short stalks, each having a lengti: 
of about 350u and a breadth of 200. Their margins are definitely 
thickened, the rim having a breadth of about 17; their shape 
and appearance vary considerably. Accessory suckers are absent, 
as is also a myzorhynchus. There is no neck. 

Owing to lack of material nothing is known regarding the 


excretory, muscular and nervous systems. 


= 


Fic. 2. Phyllobothrium microsomum. Penultimate segment. 


X 192. ¢p.—cirrus pouch ; 


o.—ovary ; s.g.—shell gland ; t.—testes; uf.—uterus; va.—vagina ; v.g.—vitelline glands. Original. 


Testes. These first appear in the second or third segment and 
reach their maximum development in the last ; their disposition in 
the latter is very different from that in the other segments ; thus, in 
the penultimate one they are arranged in capsules, these being 
disposed in two longitudinal rows, one on each side of the median 
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axis. There are about twenty-five capsules on each side; they 
lie with their longer diameter transversely, and each measures 
about 504 by 16m. In the last segment the capsules have 
disappeared entirely and the testes lie free, occupying the greater part 
of the segment, the bi-lateral arrangement having been lost. 

The writers wish to point out that this condition obtains in quite 
a number of species of Tetraphyllidea but has hitherto not been 
described. 

The cirrus sac in the penultimate segment extends about a third 
the distance across, its internal extremity being directed anteriorly. 
The vas deferens is only slightly coiled and is situated close to the 
medial extremity of the sac. 

The ovary is U-shaped, each limb being bifid; the aporal 
limbs are slightly longer than the poral and extend along the lateral 
margin almost to the middle of the segment. 

The vagina is a simple thick-walled tube which, from the pore, 
runs anteriorly to the cirrus sac. The vitelline glands consist of two 
rows of acini, one running along, and close to, each lateral margin of 
the segment. 

The shell gland is prominent and situated in the concavity of the 
ovary ; it measures 25” by 31. Immediately anterior to it can be 
seen the two oviducts, one from each ovarian limb, which meet in 
the middle line. They are continuous with the vagina and the uterus. 

Uterus. Only the rudiments of this organ could be seen and this 
consisted of a granular condensation resembling a tube running along 
the median longitudinal axis. 

As in practically all other species of this family, gravid segments 
and eggs are unknown. The species differs from others hitherto 
described in size and in being composed, when fully matured, of 
only about six proglottides. 

On account of its small size it has been given the specific name of 
microsomum., 
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BOTHRIOCEPHALUS SCORPII 
(MuELLER, 1776) Cooper, 1917 


BY 
I. S. HILMY 
Dr. med. (Berlin), D.T.M., D.T.H. (Liverpool) 


(From -the Parasitological Department, Liverpool School of Tropical 
Medicine) 


Received for publication 15 August, 1929 


Synonymy extensive including the following :— 


Vermis multimembris rhombi Leeuvenhoek, 1722. 
Taenia scorpit Mueller, 1776. 

Alyselminthus bipunctatus Zeder, 1800. 

Taenia punctata Rudolphi, 1802. 
Bothriocephalus punctatus Rudolphi, 1810. 


The specimens to be described were obtained from the National 
Museum of Wales, bottle 28, 25.7.9, dated May 6th, 1928, collected 
from a turbot 3-5 miles south of Penkilan Head, Wales. They were 
preserved in 5 per cent. formaldehyde. The longest incomplete 
worm, still attached to the intestine, measured 26-5 cm. by 5 mm., 
and the smallest immature worm 1:25 cm. Many strobila with 
their scoleces, both gravid and immature, were found free in the 
bottle. They measured as follows :— 


| Smallest. Largest. 
(1) Immature fragments with scolex... mm. by 1-6 mm. | 5:1 cm. by 2-71 mm. 
(2) Immature fragments without scolex ... I'gem. by 16mm. | 5 cm. by 2:1 mm. 
(3) With scolex and gravid segments es aw About 7:15 cm. by 8-5 mm. 
(4) Same without scolex em. by 7-4 mm. | 6:7 cm. by 4-8 mm. 
(5) Fragments consisting of gravid segments only ...| 1-3 cm. by 4:2 mm. | ‘14cm. by 6 mm. 


No mature segments either with or without scoleces were found 
free in the bottle. 
385 
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The colour of the preserved material is greyish-white. Crenulation 
of the lateral margins is just visible to the naked eye. 

The scolex measures from 1-56 to 2:75 mm. in length by 940 to 
I-09 mm. in breadth by about 780m in thickness. It is variable in 
shape in the preserved material. Its greatest breadth is found 
near the middle. The anterior extremity is sometimes as broad 
as the posterior, but it may be either broader or narrower, and the 
same applies to the thickness. The scolex terminates anteriorly 
in a square disc the face of which is usually a little concave but it 
may be convex. A slight to moderate constriction situated behind 
the terminal disc is always present. At the posterior third of the 
scolex there is often a transverse groove, not well marked. This is 
believed to be the beginning of the strobila. 


Fig. 1. Bothriocephalus scorpii. Weads. A, B, C, and E—surficial view ; D—lateral view. x 8. 
Original. 


Each of the two shallow bothria occupies the whole length of 
the scolex; they are very variable in shape. Some are broadest 
at their anterior extremity and assume the shape of a V or Y. 
They are usually deepest at about one-eighth the length of the 
scolex from the anterior extremity. From this point they gradually 
become shallower posteriorly, until the cancavity has disappeared. 
In some specimens the sinuous margins of the bothria were seen in 
lateral view. 

The strobila begins immediately behind the scolex. The first 
segment measures about 428m in length by 624m in breadth and 
312 in depth and it overlaps the anterior border of the second 
segment. In the latter careful examination shows a shallow furrow 
situated near the middle of each lateral margin. These become 
more marked in the third and fourth segments, giving each of them 
the appearance of the so-called double-segment. The latter increase 
gradually in length and breadth. At about 2 cm. from the anterior 
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extremity each segment giving rise to the ‘ double-segment ’ again 
shows indications of secondary shallow furrows. Whilst these 
furrows become increasingly marked posteriorly, the ‘ double- 
segment ’ divides into two segments each of which is likewise double, 
the anterior overlapping the posterior one. This process appears 
to be repeated several times, and takes place quickly until mature 
‘ double-segments,’ with 3, 4, 5, or even 6 sets of genital organs, 
are seen. 

The formation of the secondary and tertiary furrows is apparently 
either delayed, or does not take place at all in the posterior one of 
the ‘ double-segments,’ the anterior thus exercising a predominance 
over the posterior segment. 

The genital rudiments appear in whole mounts at about 1-6 cm. 
behind the head whilst mature segments occur at about 3:3 to 5 cm. 
from the anterior extremity. They measure 624 in length by 
mm. in breadth. 

Dark patches occur on one surface posteriorly ; these represent 
the uterine sac filled with eggs. They alternate irregularly from 
one side of the mid-line to the other, and are situated near the 
anterior margin of the segment, but they may occur in the mid-line. 
On the opposite surface the genital pores can be made out in the 
unstained condition with a hand lens, as very minute, dark spots 
situated in a median, discontinuous groove. 

The cuticula is 64 in thickness and is formed of two layers ; 
the outer, which stains more deeply, is composed of stout, closely-set 
pseudo-cilia ; the internal is homogenous. Immediately beneath the 
latter is a very thin, sinuous, refractile membrane. 

About 17 internally to the latter membrane there is a layer of 
matrix cells arranged radially and irregularly at different levels 
and having a thickness of about 18u. A considerable number of 
them is also found in other parts of the cortex and in the medulla. 

In some specimens calcareous corpuscles measuring up to 18 in 
diameter occur in abundance in the parenchyma. 

The muscular system is composed of longitudinal, transverse, 
and dorso-ventral muscle fibres. The longitudinal fibres are 
comparatively abundant and form two layers, one external and 
one internal. The external layer is made up of a few bundles 
situated just beneath the cuticula. It can only be detected under 
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high-power magnifications and special staining methods. The 
internal layer occupies most of the space between vitelline glands 
and medulla and consists of large numbers of bundles which vary in 
thickness, those nearer to the vitelline glands are considerably 
stronger than those near the medulla. The transverse fibres are 
usually feeble and are situated between the internal, longitudinal 
muscles and the medulla, thus forming a sac which encloses the 
latter. 

These transverse fibres are found to be slightly stronger between 
the ‘ double-segments,’ evidence that internal segmentation takes 
place. The dorso-ventral muscles are found in the medulla only, 
especially in the lateral fields occupied by the testes and enclosing 
the latter. 

There are two longitudinal nerves, one on each side of the median 
axis. Each nerve has a diameter of about 35m and is situated at 
equal distances from both surfaces and at about one-fifth the breadth 
from the lateral margin. They appear in cross-sections as semi- 
circular, transparent structures and are surrounded, especially 
laterally, by few cells, some of which may be ganglion cells. 


Fig. 2. Bothriocephalus scorpii. Cross-section. 25. Original. 


The excretory system shows great variations. In the youngest 
immature segments six longitudinal vessels, situated in the medulla 
can be seen, whilst in slightly older, mature and gravid segments 
they are very difficult to find. It appears as if they break up very 
early into branches of different dimensions which frequently com- 
municate together by anastomoses. In one longitudinal, dorso- 
ventral (sagittal) section and at about one-quarter the breadth 
from the lateral margin, a longitudinal canal, measuring Irom in 
diameter and following a sinuous course, is seen in the medullary 
parenchyma and is believed to be one of the main excretory vessels, 
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In immature segments the parenchyma is occupied by longitudinal 
muscles and special distinctive cells from which the genital organs 
develop. At first, a longitudinal, transversal field of genital cells 
which develop very rapidly is formed. All genital organs with the 
exception of the vitelline glands are derived from these cells. 
Another mass of special cells, from which the vitelline glands develop, 
appears later beneath the cuticula. 

The first genital organs to develop are the testes. They are 
situated in a single layer in the medullary parenchyma forming two 
longitudinal fields, one on each side of the median axis. They are 
continuous from segment to segment and do not extend in front of 
or behind the ovary. Each field measures 870m in breadth in a 
gravid segment, 3-6 mm. in breadth and is situated at equal distances 
from both surfaces and at about 300 to 350m inwardly from the 
lateral margin of the segment. One set of genital organs comprises 
about 44 testes in each lateral field, but this number varies greatly. 
Their shape is subspherical (384 by 424 by 42) to ovoid (63 
by 28u by 28u); in the latter case the longer axis is directed 
transversely. 

In gravid segments the testes shew all stages of development 
including primary testicular cells, morula-like cells, some with 
peripheral arrangements of the nuclei ; elongated chromatin bodies ; 
unripe spermatozoa and lastly fully developed ones. A thick tunica 
propria is present. The vasa efferentia are very difficult to make 
out. They are very fine and have a structureless wall. 

The cirrus pouch measures about 122:54 by 70 and is broadest 
at about the junction of its middle and proximal third. It is ovoid 
in shape and is directed ventrally and slightly anteriorly. At about 
its distal fifth it is slightly bent towards that lateral half which 
contains only the smaller part of the uterine duct. This is invariably 
the case in mature and gravid segments. Its wall is thick and 
muscular and is covered on both surfaces with myoblastic nuclei. 
Few muscle fibres are arranged in an irregular manner inside the 
pouch, 

At the proximal end of the cirrus pouch, immediately behind 
the opening of the vas deferens into it, and closely attached to its 
wall is a comparatively small vesicula seminalis interna which has a 
maximum diameter of about rou. It is pyriform in shape and has 
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its wider extremity situated proximally. Gradually it becomes 
narrow distally and at a distance of about 18 from the proximal 
extremity of the sac its lumen becomes of the same diameter as that 
of the ductus ejaculatorius. The latter is much coiled in mature, 
less so in gravid, segments. Its lumen measures from about 2 to 
2-5 in diameter, and its wall is composed of two distinct layers, the 
inner of which stains more deeply and is continuous with the cuticula 
surrounding the very deep genital pore; its inner surface is not 
smooth but ragged and its outer wall is apparently muscular and does 
not extend beyond the cirrus pouch but is continuous with the 
wall of the latter. 

From its proximal to its distal extremities the canal has the same 
structure and it is evident, therefore, that cirrus and ductus ejacula- 
torius are histologically not distinct. 

The vas deferens is a mass of coils situated in the anterior part 
of the segment and laterally to the median axis. It occupies in 
gravid segments a space which measures 40m in length, 225 in 
breadth, and about one half the thickness of the segment. In mature 
segments its lumen is much narrower than in gravid ones. As the 
lumen becomes distended with spermatozoa it gradually becomes 
wider, the walls become attenuated and their cells atrophy leaving 
spare, oval shaped nuclei. The proximal parts of the vas deferens 
may attain a diameter of from 30 to 40m. The distal parts are 
narrower (gu), their walls are relatively much thicker, their nuclei 
more conspicuous and numerous. Before it enters the cirrus pouch 
the vas deferens has a lumen of about 7m in diameter and is sur- 
rounded by a large number of prostatic cells situated for the most 
part anteriorly. There is no vesicula seminalis externa but in one of 
the segments the walls of the vas deferens could not be made out and 
the whole mass of spermatozoa appeared to be enclosed in a sac, 
- whilst preceding and succeeding segments were as described above. 

The vaginal pore is situated immediately behind and slightly 
laterally to the cirrus pouch. 

The vagina begins as a very narrow duct, 2:5 in diameter, 
proceeding towards the centre and just posteriorly to the cirrus pouch 
for a distance of about 45u. In the succeeding 30 of its length 
the lumen becemes gradually wider until it measures about Toy in 
diameter, then it suddenly becomes as narrow as before at a point 
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75 from its distal extremity and remains so for the next 30”. It 
then becomes wider again as it proceeds towards the ovary. When 
it has traversed a total distance of about 150m in a dorso-ventral 
direction, and in a sinuous manner it makes a sharp curve posteriorly 
and then laterally for a distance of about 15, to approach the oviduct 
from a lateral point. From its distal to its proximal extremities 
the internal wall of the vagina retains its cuticular structure, but, 
unlike the cirrus, its inner surface is smooth. The outer wall is 
muscular. All along its course except in its narrower parts, the 
vagina is seen distended with spermatozoa. 


Fig. 3. Bothriocephalus scorpit. Female genital organs viewed along the longitudinal axis of the 
segment. 180. Original. 


The ovary is an antero-posteriorly flattened organ situated along 
the transverse axis and at the extreme posterior extremity of the 
segment. It measures about 112m in length, 350 to 450m in 
breadth and 50y in thickness. Its lateral parts are slightly thicker 
and curved towards the dorsal surface. The isthmus is broad and 
deep but it may rarely be shallow. It is convex towards the ventral 
surface. The fact that the isthmus is nearer to one surface (1204) 
than to the other is the only indication as to which is the ventral 
and which the dorsal surface of the two. At about its middle and 
protruding towards the centre the isthmus is prolonged into a mass 
of cells which here attain their maximum dimension, and are without 
nuclei. One or two of these cells are seen in the lumen of the oocapt. 
This is funnel-shaped, measuring 33 in diameter and is covered with 
well-developed circular muscle fibres. Its axis is directed posteriorly, 
slightly laterally, and, in some cases, slightly dorsally ; its narrow 
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extremity opens into the oviduct. The latter begins as a wide sac 
into which the vagina opens as stated above, and which measures 
33" by 50u by 37H, including its very thick muscular walls. On the 
dorsal aspect of this sac the oviduct, which has a lumen of 8 in 
diameter and a wall 3 in thickness, proceeds for a short distance 
in a dorsal direction ; it then partly encircles the yolk reservoir. 
Immediately after it has received the common yolk duct from the 
latter it becomes continuous with the ootype. This is situated just 
dorsally to the yolk reservoir, to the dorsal margin of which it runs 
parallel, that is, laterally and slightly anteriorly. Its lumen measures 
8u and its wall is surrounded by the voluminous shell gland for a 
distance of 120m. 
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Fig. 4. Bothriocephalus scorpit. Uterus. x 120. Original. 


The continuation of the dotype is the uterus. It begins as a 
very narrow duct which becomes gradually wider as it proceeds 
distally. In mature segments it forms two sinuous, transverse 
layers. In cross sections the uterus can be followed easily, whilst 
in whole mounts it is viewed along its longitudinal axis and it is, 
therefore, seen as small circular structures which may be mistaken 
for unripe eggs. 
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The first layer is situated posteriorly and extends from the 
ootype laterally towards the ventral surface, thereby crossing the 
ovarian lobe anteriorly. From here, in a mature segment 3-6 mm. 
in breadth the uterus crosses the whole breadth of the ovary anteriorly 
towards the other side of the median axis for a distance of 350m ; it 
then bends sharply to form the anterior layer. Its lumen has now 
a diameter of about 45; after a slightly sinuous course it becomes 
narrower during its last curve, and approaches the uterine sac. The 
latter is situated near the ventral surface, very often laterally, but in 
some cases in the median plane. It is globular at first becoming 
conical as the segments mature, until in gravid ones it extends nearly 
throughout the whole depth of the segment; its longest axis is 
directed dorsally and slightly laterally, and posteriorly. In mature 
segments it measures 75, in its greatest breadth and 112, in depth; 
in gravid segments the axis of the cone measures 245” and the 
ventrally situated base 100 in length by 175 in breadth. 

The walls of the uterus, which are lined with epithelial cells, 
become gradually attenuated and the cells atrophy as the lumen 
becomes wider in order to accommodate the developing eggs. In 
mature segments the junction between the uterine duct and the 
sac is obliterated by a large mass of cells, the nature of which is 
believed by some helminthologists to be glandular so as to facilitate 
the passage of the eggs to the exterior. As mentioned above the 
uterine sac becomes wider as it develops ; the obliteration between 
the uterine duct and the sac becomes less marked, disappearing 
later, and in the meantime a slit-like opening appears between the 
sac and the exterior. 

The vitelline glands are the last to develop. They occupy two 
lateral fields in the cortical parenchyma, and are occasionally 
represented towards the mid line by a few follicles. In addition 
to this, and more frequently, a few follicles are present in the 
medullary parenchyma between the testes. This confirms the state- 
ment by Matz that one follicle may be found in some cases near 
the lateral border of the ovary. They are ovoid in shape and 
measure about 354 by 30u by 7ou. The vitelline ducts are quite 
variable in diameter in different segments ; in some cases they are 
wide and are often found distended with yolk cells ; in others they are 
very narrow and are difficult to follow. They tend to anastomose 
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dorsally and ventrally. From each surface two ducts, one on each 
side of the mid-line, arise and run towards the medulla. Near the 
transverse axis, each duct meets the other from the opposite surface. 
From each of these dorso-ventral ducts another arises, one of which 
is short and wide and forms the vitelline reservoir, when this is 
present ; the other opens into the first. The vitelline reservoir 
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Fig. 5. Bothriocephalus scorpii. Sagittal section. X go. Original. 


measures 404 by 604 by 50m and is ovoid in shape ; it is situated 
dorsally to the ovary, its longest axis being nearly parallel to the 
transverse axis of the segment. One pole, which receives the yolk 
cells, is directed posteriorly and dorsally. From the other the common 
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vitelline duct arises. This has a diameter of gm and is short. It 
opens into the oviduct just before this becomes continuous with the 
ootype. In specimens with very wide peripheral vitelline ducts no 
vitelline reservoir is usually found, but instead, two wide central 
ducts, forming a U with both limbs nearly parallel to the trans- 
verse axis, one being shorter than the other. The common vitelline 
duct arises from the convexity. 

The shell gland is a voluminous organ measuring 90” by 120m 
by go, situated posteriorly and dorsally. It is best seen in sagittal 
sections where it is found to encircle the ootype, there being a clear 
space between the latter and the gland. Processes from the gland 
cells cross this space thus placing the gland in communication with 
the ootype. 

The eggs in utero are ovoid in shape and measure 80u by 45 by 
6ou. They are dark grey in colour and contain what appears to be 
a very small ovum, this being surrounded by a dense mass of yolk 
cells, and the whole being enclosed in a transparent envelope. The 
egg-shell has a thickness of I~ only. Under the oil-immersion lens 
what is believed to be a very narrow operculum has been observed in 
few cases at one pole. This evidence was supported by the fact 
that when the eggs were pressed under a cover-slip and thus ruptured 
they almost invariably did so in a position which would normally 
be occupied by an operculum. In some cases the operculum was seen 
still hanging to the ruptured egg and it measured 234 in breadth. 

The writer wishes to express his indebtedness to Dr. T. Southwell, 
of the Liverpool School of Tropical Medicine, for his valuable advice 


and help. 


ABBREVIATIONS 
= cirrus pouch. uterus. 
= eggs. ud. uterine duct. 
lm. = longitudinal muscles. u.p. uterine pore. 
0. = ovary. U.S. = uterine sac. 
ooc. — oocapt. v. vagina. 
oot. = ootype. v.d. — vas deferens. 
ovd. oviduct. v.g. Vitelline gland. 
s.g. = shell-gland. vt.d. — vitelline duct. 
t. = testes. vt.r. — vitelline reservoir. 


t.m. = transverse muscles. 
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JARDUGIA PARADOXA, A NEW GENUS 
AND SPECIES OF CESTODE WITH SOME 


NOTES ON THE FAMILIES ACOLEIDA 
AND DIPLOPOSTHID 


BY 
T. SOUTHWELL 
AND 


}. BELMY 


(‘rom the Parasitological Department, Liverpool School of Tropical 
Medicine) 


(Recetved for publication, 3 September, 1929) 


Southwell, in 1926, gave a short description of a worm which, he 
pointed out, was of doubtful systematic position, but which, in 
certain anatomical features, resembled Diploposthe levis. His 
account was as follows :— 

‘One specimen from a small heron (.drdea sp.). Azare, N.P. Nigeria, 20.vili.25. 
Collected and presented by Dr. LI. Lloyd. 

The specimen was peculiar in that in the anterior half of the strobila only a 
single set of male genital organs were present and these were unilateral. About the 
middle of the length of the worm the second set of male genitalia appeared suddenly, 
butirregularly, Posteriorly a double set of male genitalia was present in all segments 
except in four, which bore a single set. 

The female genital organs appeared about the middle of the length of the worm : 
they were normal, except that in a few of the most posterior segments portions of the 
ovary had not atrophied and they were a conspicuous feature of segments in which 
otherwise only the cirrus pouches and uterus were visible.’ 

A full description of this unique parasite, which is now considered 
as the type-species of a new genus, is given below :— 

The length of the worm is approximately 8-5 cm. and the greatest 
breadth 2:35 mm. For the purpose of examination it was cut into 
four fragments. 

The scolex measures 333m in breadth. It is pear-shaped and 
is provided with four unarmed, cup-shaped suckers, each of which 
has a diameter of 130u. The invaginated rostellum, which is pointed 
at its anterior extremity, measures 2444 by 88, and is armed with a 
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single crown of about ten hooks, each of which measures from 
13 to 18 in length. 

The first signs of segmentation are visible about 800m from the 
anterior extremity. Here the breadth of the worm is 1-6 mm. 

The cuticula measures 2m in thickness. It is composed of three 
distinct layers, the external and internal of which are membraneous 
and stain deeper than the intermediate, homogenous and com- 
paratively thicker layer. The matrix cells are situated immediately 
beneath the cuticula and have a thickness of about 15. The cells 
are spindle-shaped with small, round nuclei. 


Fic. 1. Fardugia paradoxa. Head. x 116. 


There are three layers of longitudinal muscles. The external 
layer is situated between the cuticula and the matrix, and is composed 
of single bundles 3 in diameter and placed at distances of about 74 
from each other. The intermediate layer lies about 40” from the 
cuticula inwards, and is composed of groups of stouter bundles ; each 
group measures about 15, in thickness, and occurs at distances of 
from 15 to 40m from one another. The internal longitudinal layer 
is the most strongly developed. It is situated about 75 inwards 
from the cuticula. The single bundles may attain a thickness 
of 15m and are arranged in groups which may measure 35 or more 
in thickness. 

There are two longitudinal sinuous excretory vessels in each 
lateral half. The larger vessel is situated internally to the smaller 
and at the junction of the lateral and middle quarters of the segment. 
It measures from 50 to 70m in diameter and lies at a distance of 
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about 140m from the ventral surface, where the thickness of the 
segment is about 4204. The smaller vessel, which measures 4 only 
in diameter, is situated at about 77m laterally and 24, dorsally to the 
ventral vessel. 

Calcareous corpuscles are abundant and are found mainly in the 
peripheral parts of the parenchyma; they attain a maximum 
diameter of about 12y.. 

The most striking feature of this worm is the arrangement of 
the genital organs. In the first fragment, which measures 1°75 cm. 
in length, the genital rudiments appear, in whole mounts, at about 
1‘6 mm. from the anterior extremity, and are at first situated in the 
mid-line, but soon become confined to one lateral half, viz., the right 
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Fic. 2. Sardugia paradoxa. Fight segments with mature male genitalia. Dorsal view. x 26. 


half. At 4-5 mm. from the anterior extremity these rudiments 
become distinctly elongated transversely, the elongations forming 
the male genital ducts, whilst the testes differentiate from the medial 
parts. In about the 130th segment, which is situated 1-6 cm. from 
the anterior extremity, these genital structures become bilateral 
owing to the striking and sudden appearance of male organs in the 


400 


left half of the worm where, previously, no rudiments have been 
visible, the only difference being that two testes only are found in 
this half against three in the opposite half. The succeeding segment 
(the 131st) possessed one set only ; the second segment (the 132nd) 
had double sets and the remaining few segments (the 133rd to the 
142nd) had again each one set. 

In the second fragment, which measures 3 cm. by 2:3 mm., the 
male genital organs have attained their maximum development. The 
first nineteen segments possess one set of male genital organs in the 
right half. Then there were :-— 

Two male sets in the 2oth ; 

One male set in the 21st to 26th ; 

Two male sets in the 27th, and 

One male set in the 28th and 2oth. 
From the 30th to the 89th segment (the last in the second fragment) 
the male genitalia were double, as was observed in the remaining 
two fragments of the worm. 

The testes are globular in shape and measure from 404 when 
they first appear, to 123 in mature segments. They are situated 
in front of the ovary, in the anterior half of the segment and near 
the dorsal surface; they lie parallel to the transverse axis of the 
segment and laterally to the median axis. In segments possessing 
only one set of genital organs, there are usually three testes confined 
to the corresponding half (the right half) ; two segments, however, 
possessed two testes only. In the other segments with double male 
genitalia, there are usually three testes in the right half and two 
in the left half, but the number on each side varies between none and 
four. Altogether there are from two to six testes in each segment. 
They soon begin to atrophy and sometimes disappear before the 
female genital organs have attained maturity. 

The vas deferens is short and inconspicuous. It arises anteriorly 
to the testes and proceeds towards the lateral margin; it very 
rapidly widens into a vesicula seminalis externa. This conspicuous 
organ, which is oval (seldom globular) in shape, is situated in line 
with the cirrus pouch and at its proximal extremity; it is very 
variable in size, the largest measuring 230" by 140m. It is generally 
found distended with spermatozoa. Its lateral (distal) termination 
extends beyond the proximal extremity of the pouch and remains 
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dorsally to the latter for a short distance ; it then narrows suddenly 
and, turning in the medial direction for a short distance, eventually 
forms a loop before it enters into the pouch. The latter organ is an 
almost cylindrical sac with its longitudinal axis directed transversely ; 
it measures from 380 to 625" by 70 to 85m, and is situated in the 
anterior half of the segment and near the dorsal surface ; it is either 
straight, curved or sinuous, but in each case its distal extremity 
is nearly always directed slightly posteriorly ; its proximal extremity 
is at about the same position as the excretory vessels which the 
pouch passes dorsally. 

Just after the male genital duct enters into the pouch it widens 
again into an internal vesicula seminalis. This is elongated and 
measures up to 210m; it is often as broad as the pouch itself, being 
broadest at its distal extremity, where it narrows suddenly and 
becomes continuous with the ductus ejaculatorius. The latter is an 
almost straight duct when the cirrus is protruded; it measures 
175 by 10m; its proximal extremity has a wide lumen (17) and is 
provided with a strong sphincter muscle. 

The cirrus, which in mature segments nearly always protrudes 
about 85, measures 210m in length. Its protruded part is covered 
with fine, closely-set spines, each of which measures about 3, and 
which have a linear arrangement. The junction of cirrus and ductus 
ejaculatorius, within the cirrus pouch, is surrounded by a dense mass 
of prostatic cells. 

The genital sinus, which has a diameter of 70, rarely 100”, and 
a breadth of 52, is situated at about the junction of the anterior 
and middle thirds of the lateral margin of the segment. 

The vagina lies ventrally to the cirrus pouch ; it begins with a 
diameter of 24 and, as it proceeds inwardly and parallel to the 
cirrus pouch, its lumen narrows gradually over a length of 100 until 
it has a diameter of 7. Its diameter then varies between 7 and 15, 
until it has passed, together with the cirrus pouch, dorsally to the 
longitudinal excretory vessels. When it has thus covered a total 
distance of 625, or, at the junction of the lateral and middle quarters 
of the segment, it turns suddenly and, for a very short distance, 
dorsally ; later, with a distinctly wider lumen but of variable size, 
it follows a sinuous course posteriorly and medially towards the ovary, 
thus passing posteriorly and eventually ventrally to the testes, At 
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its proximal (central) extremity the lumen becomes distinctly wider 
and an oval to pyriform receptaculum seminis is formed which may 
measure up to by gow. 

As in the male, so in the female, the duplication is at first 
irregular ; thus in the second fragment, above-mentioned, segments 
Nos. 1 to 25, 27 to 49, 52 to 54, 58 to 65 and, lastly, 67, possess only 
one set of female organs with the exception of the vagina which, 
where double male genitalia occur, is also doubled, in which case it 
always communicates with the vagina of the right half, thus forming 
a transverse arch across, and dorsally to, the female organs. In 
these cases also, there may be one receptaculum seminis or two, but, 
more frequently, this organ is absent. 


Vic. 3. “fardugia paradoxa. Segment with mature female genitalia. ‘he testes are almost 
atrophied. Dorsal view. X 36. 


It should be noted, firstly, that in segment No. 19 (of the second 
fragment) which, as mentioned above, possesses two sets of male 
and one set of female genital organs, the left vagina extended only 
to the point where it usually, when mature, changes its transverse 
course into a posterior and medial one to approach the ovary ; 
secondly, in segment No. 50, which, as mentioned above, possesses 
two sets of both male and female organs, the same was observed with 
the left vagina, the unusually wide proximal end of which apparently 
ends blindly and has a diameter of 44w. 

The ovary appears at about 9-6 mm. as a small collection of 
cells situated posteriorly to the testes and near the median axis. 
This mass of cells soon increases in size and elongates transversely ; 
it then becomes slightly curved antero-posteriorly, the concavity 
being directed posteriorly. The ovary continues to increase in 
size in the posterior segments until it occupies the middle third of 
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the breadth and more than three-quarters of the length of the 
segment. Here the single ovarian follicles are globular and have a 
diameter of 70. They are very numerous and are arranged irregu- 
larly around the female ducts, the concavity being directed dorsally 
and posteriorly. Several attempts to determine the exact number 
of follicles present in each ovary failed, but they may number at 
least forty. In their last stage of development the ovaries cease to 
function and, later, disappear suddenly and irregularly, so that in 
some segments they are absent altogether whilst preceding and 
succeeding ones contain only traces of the organ. 

The vitelline gland is the most posteriorly situated of all organs 
and is nearer to the dorsal surface than to the ventral. It is deeply 
lobed and occupies up to 70 of the length and 160” of the breadth 
of the segment. It discharges the yolk cells into the oviduct from 
a posterior and eventually dorsal point. 

The oviduct is short and wide and arises from the dorsal aspect 
of the ovary; after receiving the yolk duct it becomes continuous 
with the ootype. This is very short and sinuous and is directed 
anteriorly to open, after passing through the inconspicuous shell 
gland, into the uterus. The ootype from each side may open 
separately into the uterus or each may proceed anteriorly and 
medially to meet the ootype of the opposite half, thus forming an 
arch from the convexity (anterior aspect) of which the uterus proceeds 
anteriorly for a very short distance (about 85,). 

The uterus is seen at first as a transverse line of cells penetrating 
in its middle parts between the ovarian follicles. It may extend, 
whilst still in this stage of development, beyond the longitudinal 
excretory vessels, which it crosses dorsally. When mature it 
becomes very wide and increases so much in length that it becomes 
sinuous to accommodate itself in the limited and even decreased 
breadth of the segment. No fully gravid segments were found 
and accordingly the eggs are unknown. 

The new genus Jardugia is defined as follows :-— 

Scolex with an armed rostellum. Each segment of the strobila 
has a single or double set of male, situated in front of a single or 
double set of female genital organs. Uterus a transverse sinuous sac. 
Adults parasitic in birds. 

Type-species :—Jardugia paradoxa n.sp. 
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Up to the present the following species of cestoda have been 
recorded from Ardea :— 


Ardea cinerea Linn. 
Dilepis campylancristrota (Wedl, 1855). 
Acanthocirrus cheilancristrota (Wedl, 1855). 
Hymenolepis microcephala (Rudolphi, 1819). 
Tenia leuckarti Krabbe, 1869. 


Ardea spp. 
Tzmia leuckarti Krabbe, 1869. 
Anomotzmia aurita (Rudolphi, 1819). 
Dilepis hoplites (v. Linstow, 1903). 
Systematic. The family DILEPIDID# Railliet and Henry, 
is divided into the following three sub-families :— 


(1) DILEPININ”. Uterus persistent. 
(2) DipyLipInz. Uterus replaced by egg capsules. 
(3) PARUTERININE. Uterus developes paruterine organs. 


It is clear that, as the uterus in our species is persistent, the 
only sub-family to which it might be referred is DILEPININ®. But 
none of the genera in this sub-family is characterised by the possession 
of a double set of genital organs. 

The characters of the family ACOLEIDa Ransom, 1909, are as 
follows :— 

‘'Teenioidea: Scolex generally armed, seldom without rostellum. Suckers 
unarmed, Strobila thick with short segments. Mlusculature consists of at least 
two layers of longitudinal muscles alternating with layers of transverse muscles, 
A single set, double set, or partial duplication of reproductive organs in each segment. 
Male genital openings ‘marginal. Female genital (v aginal) opening lacking. ‘Cirrus 
always very large and armed with strong hooks or spines. Eggs with thin transparent 
shells. Adults in birds.’ 

Type 

It contains the following genera :—Acoleus Fuhrmann, 1899, 
Diploposthe Jacobi, 1896, Gyrocelia Fuhrmann, 1899, Dvotcocestus 
Fuhrmann, 1900, Diplophallus Fuhrmann, 1900, Shipleya Fuhrmann, 
1907, Progynotenia Fuhrmann, 1909, Proterogynotenia Fuhrmann, 
1911, Urocystidium Beddard, 1912 and Monoecocestus Beddard, 1914, 
in all of which a vaginal pore is absent except in the genus Diploposthe. 

Fuhrmann, in 1926, placed the genus Diploposthe in the family 
HYMENOLEPIDID2 on account of the fact that there are usually 
three, rarely seven, testes in each segment. 

Poche, in the same year, created a new family DIPLOPOSTHID, to 


accommodate the genus Diploposthe which clearly could not be 


~ 
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retained in the family AcoLrEtpa. He defined the family as 


follows :— 


‘'Teniinea with flattened bodies, distinct internal and external segmentation, 
a rostellum with one crown of hooks, unarmed suckers, short proglottides which have 
no appendages. ‘he musculature, from the exterior to the interior consisting 
of a weak diagonal muscle layer, a strong, circular muscle just in front of the posterior 
margin of the proglottis, a complete external and an incomplete internal layer of 
longitudinal muscles and a layer of transverse muscles. Double genital pores each 
situated at the lateral margin in a genital sinus ; centrally situated genital glands of 
which the female are in front of the male; three to (?) seven testes; a vesicula 
seminalis, a strongly developed cirrus pouch and a cirrus armed with strong spines 
in each lateral half ; a bilobed ovary in front of the vitelline gland ; a simple, sinuous, 
transverse uterus which forms several huge diverticula ; vagina double and opening 
ventrally to the cirrus ; eggs, when ripe, have, in addition to the very thin, extensible 
and transparent egg-shell, two more thin coverings.’ 


Of the ten genera referred to in the family ACOLEID&, three, 
viz., Diploposthe, Diplophallus and Dtoitcocestus, differ so widely 
from the rest that it appears desirable to separate them. 

Southwell, in ‘ The Cestode Fauna of British India ’ (in the press) 
places the genus Dvotcocestus in a new family which he names 
Dio1cocEsTID&, the character of which is that the sexes are separate. 

In the genera Diploposthe, Diplophallus and Jardugia n., the 
genital organs show either complete or partial duplication. The 
following table will emphasize the relationship between them :— 


Diploposthe | Diplophallus Fardugia 
Male organs... ... Double in each segment | Double in each segment Single or double in 
each segment 
Number of testes in| 
each segment 3to7 About 100 | 3to 5 
Position of testes ... Posterior to ovary In two lateral fields Anterior to ovary 
Female organs ... ... Single in each segment Single in each segment Single or double with 
| but with two vagine —_—but' with two vagine one or two vagine 
Vaginal pore Present | Absent Present 


Uterus ... 


A transverse, sinuous sac | A transverse, sinuous sac | A transverse, sinuous 
sac 
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It will be seen that these three genera form such a natural group 
that, as they differ so widely from the remaining genera of the 
family ACOLEID&, the writers propose placing them in the family 
DIPLOPOSTHID& Poche, 1926, the definition of which is accordingly 
emended as follows :— | 

Head with an armed rostellum. Mature segments broader than 
long. Musculature well developed. A single or double set, or a 
partial duplication of male and female genital organs in each segment. 
Vaginal pore present or absent. Cirrus very large and armed with 
spines. Uterus a transverse, sinuous sac. Adults parasitic in birds. 

Type-genus :—Dziploposthe Jacobi, 1896. 

It now becomes necessary to re-define the family ACOLEIDA: 
Ransom, 1909, which is accordingly done as follows :— 

Scolex usually armed. Musculature consists of at least two 
layers of longitudinal alternating with layers of transverse muscles, 
except in the genus Monoecocestus. A single set of genital organs 
in each segment. Vaginal pore absent. Adults parasitic in birds 
and mammals. 

Type-genus :—Acoleus Fuhrmann, 1899. 


EXPLANATION OF LETTERING. 


= t. = testes. 

c.p. = cirrus pouch. “. = uterus. 

d.e.v. = dorsal excretory vessel. v = Vagina. 

d.ej. = ductus ejaculatorius. v.d. == vas deferens. 

0. = ovary. v.e.U. = ventral excretory vessel. 

pr. = prostatic cells. vse. == vesicula seminalis externa. 

r.s. == receptaculum seminis. USL. = vesicula seminalis interna. 

sh.g. = shell gland. vt.g. = vitelline gland. 
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DESCRIPTIONS OF THE EARLY STAGES 

OF TWO FURTHER MOSQUITOS 

COLLECTED IN SOUTHERN NIGERIA 
BY MR. L. H. DUNN 


BY 


A. M. EVANS 


(Received for publication 14 October, 1929) 


In a previous paper I described the larva and pupa of Aédes 
(Armigeres) albomarginata var. dunn taken by Mr. L. H. Dunn, 
in Lagos, when a member of the West African Yellow Fever Com- 
mission in 1927. The two larvae and pupae which form the subject 
of this paper were also collected and reared to the adult stage, in 
and near Lagos, by Mr. Dunn, to whom I am greatly indebted for 
the privilege of describing them. 


HARPAGOMYIA FARQUHARSONI Edw. 


The larva and pupa of this myrmecophilous species have many 
features in common with those of H. genurostris (splendens) described 
by de Meijere (1911), and H. ¢richorostris, recently described by 
Ingram and Meillon (1927). 

Larva (fig. 1, A-D). The shape of the head resembles that of 
H. genurostris and H. trichorostris, being rounded in front and 
widest along the posterior border. The clypeal hairs (c/.) are 
multiple tufts of subplumose branches and project well beyond 
the anterior border of the head. The inner anterior are composed 
of 7 to 8 branches ; outer anterior 5 to 7; posterior 2 or 3. The 
dorsal hair rising in front of the base of the anterior is 7 to g branched. 
Frontal hairs are not present in the normal position but, internal to 
the eye are two very delicate, branched hairs. From the lateral 
margin a small branched hair projects and ventro-laterally are 
three tufts, the anterior of about 10, the mid 4 and the posterior 6 
branches. Small palmate tufts of 4 stout bristles lie posteriorly 
on the ventral surface. The antennae are small, slightly curved and 
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narrowing distally with a double hair on the distal half. Menta! 
plate, as in H. ¢trichorostris, very narrow from before backwards. 
with 12 teeth (11 well developed), on each side of the central tooth. 


o-2 millimetre 


A 


0-05 millrinetre 


Fic. 1. Harpagomyia farqubarsont Edw. .4.-D.—FYourth stage larva. A.—Head, dorsal 


aspect and anterior edge of prothorax (feathering of hairs not shown); B.—Terminal segments of 


larva, lateral aspect; @.—Spines of lateral comb; D.—Spines of pecten; £.—Pupal trumpet. 
A and B to same scale, C and D to same scale. c/.—Clypeal hairs. 


Thorax. As in H. trichorostiris, the prothorax bears dorso- 


laterally conspicuous, fan-like tufts of many feathered hairs arising 
from chitinous tubercles. There are a long and a short tuft on 
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each side in this species and a group of 3 long bristles completes 
the anterior dorso-lateral series ; the ventro-laterals are a single and 
a triple bristle and a shorter tuft. The hairs of the anterior border 
are shown in fig. 1, d. The meso- and metathorax bear fan-like 
tufts of hairs dorso-laterally, which are much less conspicuous than 
those of the prothorax. The dorso-lateral series of the meso- 
thorax is completed by two long, simple, and one double bristle, 
and a much shorter, fan-shaped tuft. The ventro-laterals are a long 
fan-shaped tuft and a single bristle. The mesothorax also possesses 
a dorsal row of 4 simple and a bifid hair at each side. The dorso- 
lateral series of the metathorax are a long and a short fan-shaped 
tuft and there is a well-developed tuft ventro-laterally. Dorsally, 
at each side, is a group of 4 short multiple hairs. There is no palmate 
bristle on this segment as in H. ¢richorostris. 

Abdomen. On the first and second segments the dorso-lateral 
plume is composed of 6 to 8 long, forwardly-projecting, bent, plumose 
hairs and below them a 2- or 3-branched, shorter, stout, bent hair. 
On the first segment shorter tufts are arranged as follows: dorsally 
a quadruple tuft near the posterior border ; dorso-laterally a tuft 
and a simple and a bifid hair above the base of the plumes ; laterally, 
in front of the plumes, a longer fan-like tuft of about 9 straight 
hairs ; ventro-laterally a tuft of 5 to 7 delicate hairs below the plumes, 
and more anteriorly and medially a tuft of 2 to 5 longer and rather 
stouter hairs. There is also a minute ventro-lateral tuft near the 
posterior border. The second segment only differs from the first 
in the possession of an additional minute, ventro-lateral tuft, and 
the absence of the anterior, ventro-lateral large tuft. On the 
remaining segments the dorso-lateral plumes consist of long, straight 
bristles, multiple (2 to 4), on the third to fifth segments, and single 
on the sixth and seventh. The dorsal and dorso-lateral tufts are 
similar in the last five segments to those of the first, but the posterior 
dorso-lateral tuft increases in size as far as the sixth segment ; on the 
seventh it appears to be absent, the dorsal tuft having become 
lateral in position. The large ventro-lateral series of tufts is well- 
developed and increases in size on the posterior segments, that of the 
seventh being longer than the segment. The ventro-lateral series 
of minute tufts and hairs increases in number posteriorly. The lateral 
comb consists of about 28 teeth and a few very small ones, arranged 
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in a sub-triangular patch, longer teeth as in fig. 1, C. The group 
of hairs and tufts beyond the comb is slightly variable, usually as 
shown in fig. 1, B. The siphon is rather weakly chitinised, the 
length about three and a half times basal width ; it bears dorsally, 
two rows of 5 tufts, usually as in fig. 1, B, but variable and some- 
times asymmetrical. Ventrally there is a single row of about 
6 simple or 2- or 3-branched hairs; on the basal third each side 
bears a prominent tuft of 3 to 4 feathered hairs. The pecten is 
very variable in the number, arrangement and shape of the teeth. 
There is usually a basal patch of fringed teeth, which are sometimes 
short and broad, and an irregular row of elongated, fringed teeth 
extending along the basal two-thirds of the siphon, as in fig. 1, B. 
The tergite of the tenth or anal segment bears well-developed spines 
distally, as in H. trichorostris. The clinging (dorso-apical) bristles 
are usually a tuft of seven and a single very long bristle at each side. 
The ventral fin is represented by a pair of long double or triple 
hairs ; a plume of 6 hairs arises laterally from the distal edge of the 
tenth segment. The anal gills are very long and wide, more than 
twice the length of the last segment. 

This larva differs from that of H. trichorostris and H. genurostris 
chiefly in the large number of branches composing the clypeal and 
other head tufts. From the former it also differs in not possessing 
palmate tufts of short bristles on the metathorax. The great 
variability of the pecten spines is a noticeable feature. 

Pupa. This is essentially similar to those of H. ¢trichorostris 
and H. genurostris, possessing the peculiar triangular paddles which 
are fringeless and without any apical bristles, the fan-like tufts at the 
postero-lateral angles of the seventh and eighth abdominal segments 
and the long double post-ocular bristle. As in H. ¢trichorostris the 
dentritic bristles on the first abdominal segment are rather poorly 
developed and the sublateral bristles are very long on segments 
five and six. 

The cephalothorax is sub-pyriform in shape. The respiratory 
trumpet is rather short and stumpy, the length is about two and a half 
times the greatest width. When the pupa is mounted laterally, 
the trumpets appear widest in the middle (fig. 1, &). The opening 
is almost at right-angles to the long axis; seen from above it is 
about twice as long as wide and appears constricted at about the 


middle. In addition to the long, double, post-ocular bristle is a short 
double, inferior one. The antero-thoracic are a single, two bifid and 
a trifid hair ; the dorsal hair is simple and external to it is a triple 
hair (? supra-alar). As in H. trichorostris the mid postero-thoracic 
hair is simple and the outer double, but the internal may be either 
single or double. The longer bristles on the abdominal tergites are 
as in H. trichorostris, but there are also a number of small, associated, 
single and double hairs not referred to in the description of that 
species. Of these there are 3 on the second, fourth and fifth segments, 
2 on the seventh and I on the third and sixth. The paddles have the 
mid-rib indistinct. 

The long, double post-ocular bristle ; small, triangular, fringeless 
paddles and the fan-like tufts on the seventh and eighth segments 
are characters supporting the view put forward by Edwards (1922), 
that the genus Harpagomyia should be included in the Sabethine 
group. 

FEMALE. In one mature pupa the spermathecae are well 
shown. They are almost globular in shape, the median r ~» larger 
than the other two, its diameter being at least one and a ualf times 
that of either. The specimens did not show a scaled area between 
the eyes. | 

Described from several larvae and pupae well preserved in spirit, 
taken in leaf-whorls of the pineapple plant, near Yaba, Southern 
Nigeria, 1927, Mr. L. H. Dunn. 

The identification of the adults was kindly confirmed by Mr. F. W. 
Edwards. 

Mr. Dunn states that he found the mosquito breeding in 
abundance in the central leaf-whorls of the pineapple plants in the 
bush near Yaba. He suggests that the fan-like tufts on the pro- 
thorax ‘ may signify that the larvae are able to move about in the 
leaf sheaths in order to remain in the water.’ 


CULEX (CULICIOMYA) CINERELLUS Edw. 


It is probable that the larva illustrated by Wesché (1910) and 
described as ‘ Pectinopalpus fuscus Theo. ? (1) ’ is that of C. cinerellus. 
As, however, there are certain differences between Wesché’s larva 
and those from which Mr. Dunn has bred adults of C. cinerellus, the 
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latter are briefly described below. No description of the pupa 
appears to have been published. 

Larva (fig. 2, C). This larva closely resembles that of C. macfiei 
Edw. (Macfie and Ingram, 1923), in the characters of the head and 
the shape of the siphon tube. The siphon measures about 1:2 mm, 
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Fic. 2. Culex (Culiciomyia) cinerellus. A.—Abdomen of pupa, dorsal aspect, except 
first segment (very minute hairs not shown) ; B.—Pupal trumpet ; C.—Terminal segments of fourth 
stage larva, spines of lateral comb and pecten shown enlarged as indicated; /.—Lateral bristle 
(Seta 4); sm.—Submedian bristle (Seta C). 


Head. The chaetotaxy and antennae are as in C. macfiet: the 
mental plate with 10 or 11 teeth on each side of the central tooth. 

Thorax. The bristles of the anterior border are long ; and lateral 
plumose tufts developed. | 
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Abdomen. Lateral tufts are present on the first two segments. 
The lateral comb (fig. 2, C) consists of about 40 fringed spines, the 
posterior ones rather broad distally. Subsiphonal tuft of about 
4 plumose hairs. The siphon is long and slender, the length about 
eight times the basal diameter ; it is rather weakly chitinised. Two 
small double hairs and a distal simple hair lie on each side of the 
siphon ; the arrangement of the proximal setae is variable. The 
pecten consists of about 12 spines which show, in a certain position, 
long bifid ends ;_ each has a large tooth arising from the base and a 
very small basal tooth is frequently present. The tenth segment is 
lightly chitinised, and the ventral fin not well developed. The gills 
in the specimens are very long and thin, but the shape may have been 
altered in the process of moulting. They appear to be all of nearly 
equal length. 

Pupa. The pupal pelt is small and lightly chitinised. The 
respiratory trumpet (fig. 2, 6) is brown, darker on the basal half, 
and relatively narrow with a small opening. In one position the 
distal half is slightly wider than as shown in the illustration. 

Abdomen (fig. 2, A). The paddles resemble those of C. macfiet 
in shape, but the terminal setae are very minute. The dorsal 
abdominal chaetotaxy differs considerably from that of C. macfiet, 
in the numbers of the branches of most of the tufts. In C. cinerellus 
the submedian (‘ Seta C,’ Macfie, 191g), on segment three, has from 
3 to 5 branches ; that of the corresponding segment in C. macfiet 
being composed of 15 to 17 branches ; on segments five, six and seven, 
these bristles are single in the latter species, but are triple in 
C. cinerellus. Yhe laterals ‘Seta A’ on segments two to six are 
double in this species, but single in C. macfiet. 

Described from several larval and pupal pelts of the specimens 
taken in crab-holes, Lagos, 1926, Mr. L. H. Dunn. 

Mr. Dunn stated that he found this species breeding in abundance 
in many of the crab-holes in Lagos. 
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NOTES ON CERTAIN VARIETIES OF 
ANOPHELES MARSHALLI Tueosatp 


BY 


A. M. EVANS 
(Received for publication, 14 October, 1929) 


During the course of his recent survey of the mosquitos of the 
Stanleyville Region of the Belgian Congo, Dr. J. Schwetz has bred 
out a number of specimens of A. marshalli var. moucheti, and a 
specimen which is evidently var. hargreavest. From material which 
he has very kindly sent to me, I am able to describe the larva and 
pupa of the former and the pupa of the latter. As there are con- 
siderable differences between the pupa of dA. marshalli var. 
freetownensts and both of those discovered by Dr. Schwetz, that of 
the Freetown variety is described as well. With the help of 
Dr. Schwetz’s material it has been possible to examine the male 
terminalia of a series of var. mouchett and, as a constant distinction 
exists between that variety and var. freetownensts in these structures, 
I have also included a brief description of them and illustrated the 
chief points of difference. 


ANOPHELES MARSHALLI var. MOUCHETI Evans 


The larva and pupa of this variety differ rather markedly from 
those of A. marshalli var. freetownensis, and also from the larva of 
A, marshalli described by de Meillon, as well as from that of marshalli 
described by Macfie and Ingram. 

Larva (figs. 1-3). A very small larva, this variety being of the 
same size as funestus. 

Inner clypeal hairs long and simple; outer much shorter and 
branched, the number and arrangement of the branches somewhat 
variable (see fig. 1, A, A’). Posterior clypeal hairs minute and 
simple or with bifid ends; these are much shorter than those in 
var. freetownensis and are more anteriorly situated. Antenna with 
spiculated inner surface and minute hair towards the base ; hair 
at apex between the two spines, dividing into three branches 
(apparently two in one specimen). Mental plate with the lateral 
teeth very uneven ; those nearest to the apical tooth much smaller 
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than the next teeth (fig. 1, B). Anterior submedian thoracic hairs 
arising from a common but not well-chitinised base ; the hairs are 
somewhat variable but show no marked difference from those of 
A. marshalli var. freetownensis. Metathorax with a pair of palmate 
bristles with narrow leaflets ending in long filamentous points as in 
var. freetownensis, leaflets about fourteen to sixteen in number. 


Fic. 1. A.—Clypeal hairs of larva of 4. marshalli, var. moucheti ; 4’.—Outer clypeal hair of 
another specimen of same ; B.—Mental plate of same ; C.—Mental plate of larva of 4. marshalli, var. 
freetownensis. B and C drawn to same scale. ‘The essentials of these and the following figures were 
drawn with the aid of a camera lucida. 

Abdominal tergal plates larger than those of var. freetownensts 
but not nearly so large as those of funestus (fig. 3). Palmate bristles 
present on abdominal segments one to seven, that of the first 
segment rudimentary, the leaflets not so well developed as in var. 
freetownensts (fig. 2, A, B). Palmate bristles on remaining segments 
slightly smaller than in var. freetownensts, the leaflets being slightly 
narrower and the filaments relatively much longer than in that 
variety (C, D). Lateral comb much as in var. freetownensis, the 
barbs on the teeth rather indistinct in the specimens. 

This larva differs from those of A. marshall from South Africa 
and its variety freetownensts, chiefly in the definitely branched outer 
clypeal hairs and in the relatively longer filaments of the abdominal 
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Fic. 2. 4.—A few leaflets from median part of palmate bristle of first abdominal segment of 
larva of 4. marshalli, var. freetownensis ; B.—'The same of var. moucheti ; C.—The same of the 
fifth abdominal segment of var. freetownensis ; D.—The same of var. mouchett. 
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Fic. 3. Tergal plates of abdominal segments 5 to 8, as indicated. d.—A. marshalli, var. 
freetownensis ; B.—var. moucheti ; C.—A. funestus. 
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palmate bristles. It also differs from var. freetownensis in the very 
short posterior clypeal hairs and other characters noted above and 
illustrated in figs. 1-3, and from typical marshalli in the finely- 
pointed leaflets of the thoracic palmate bristles. The larva described 
as that of A. marshall1, by Ingram and Macfie, from the Gold Coast, 
differs very greatly from the three above-mentioned larvae in having 
no rudimentary palmate bristles on the thorax or first two abdominal 
segments, and the palmate bristles on the other segments are com- 
posed of leaflets which ‘ show no shoulder and scarcely any filament.’ 

Pupa (figs. 4, 5). The pupa is about equal in size to that of 
funestus. 


o-S millimetre 


Fic. 4. Pupal respiratory trumpets. 4. and B.—A. marshalli, var. mouchett, showing two 
typical aspects; C.—var. freetownensts ; D.—var. hargreavesi. 


The respiratory trumpets (fig. 4, 4, B) are open to the base at 
one point, so that, although there is a small basal continuation, 
below the level of the opening, there is no true ‘ meatus’ or tubular 
portion. Probably in consequence of this, the trumpets are often 
flattened out when mounted, as shown in fig. 4, B. 
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Abdominal chaetotaxy (fig. 5, A). The lateral bristles (l), on 
segments four to seven, of the usual spine-like form, very short on the 
third segment and reduced to a minute tubercle on the second ; 
on the eighth segment these bristles are fringed as usual, and are 
about one-fifth to one-sixth the length of the paddles. The sub- 
median series (sm.), well developed and branched on the second 


omillimetre 


Fic. 5. 4.—Abdomen of pupa of A. marshalli, var. moucheti, except first three segments, dorsal 
aspect; B.—Fifth abdominal segment of pupa of var. hargreavesi; C.—The same of var. 
freetownensis ; a.sm.—anterior submedian bristle ; /.—lateral ; s/.—sublateral ; sm.—submedian. 


to the fourth segments, but as usual, more strongly developed on 
segments five to seven, where they form a strong tuft of 6 to 8 
branches arising from a short stem. Sublateral series (s/.), well 
developed and branched on segments three to seven, consisting of 
3 to 5 branches on the last four of these. Anterior submedian 
branched hairs (a.sm.), well developed and consisting of 3 to 5 
branches on the fourth to seventh segments. Paddles of the type 
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broadly expanded distally, with fringe only on the outer side of the 
apical bristle, with well-developed ‘ buttress ’ along the basal part of 
the outer side and apical bristle of the angularly hooked shape ; sub- 
apical hair very slender, usually 3-branched, the stem about equal 
in length to the branches. Fringe short and spine-like on the lateral 
margin, longer and hair-like on the distal margin, the change from 
one type to the other abrupt. 

Described from one larval pelt and two larvae and numerous pupal 
pelts, taken from a pool (‘ Etang de la Mission, rive herbeuse ’) ; 
and streams (‘ ruisseaux, herbes a sol’), August and September, 
1928, Dr. J. Schwetz. Adults of typical A. marshalli var. moucheti 
were bred from the pelts. 

Variation in female palpal markings. In two of the 99 bred 
out by Dr. Schwetz, the palpi were entirely without the subapical 
dark ring, the whole of the outer third of the palpi being white- 
scaled. 

Male terminalia. The claspers have the usual five parabasal 
spines which are similar in character to those of funestus, as illustrated 
by Christophers (1925). The lobes at the bases of the side pieces 
(harpagones, Christophers, 1915) with the apical bristle longer 
than the club and a shorter bristle externally. Phallosome or 
mesosome (fig. 6, B), with four or five leaflets at each side of the tip. 
Longest pair of leaflets much longer than those next to it and slightly 
serrated at the base. 

Described from seven specimens, four of which were stained 
with carbol fuchsin ; all were mounted so as to display the mesosome. 


ANOPHELES MARSHALLI var. HARGREAVES! Evans 


Amongst the material sent by Dr. Schwetz was a perfectly 
preserved female, with its pupal pelt, of a variety of marshalli 
which agreed extremely closely with that of var. hargreavest from 
Sierra Leone. In the banding of the palps and tarsi and shape and 
size of the wing scales, the Congo specimen is indistinguishable from 
that variety. The third and fourth dark costal spots are somewhat 
greater in extent than in the type of hargreavest, but in this they agree 
with a specimen of hargreavest from Southern Nigeria. The thoracic 
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scales are of the broad type, much broader than in any other variety 
of marshalli, but not quite so broad or with such a large proportion 
of truncate scales as in the type of hargreavest. From a study of 
four other West African specimens, three of which are Nigerian, 
there is little doubt, however, that Dr. Schwetz’s specimen is within 
the limits of variation of that variety. 

It should be noted here that the wing scales of var. hargreavesi are 
indistinguishable in size and shape from those of var. mouchett, 
and that the presence of a pale interruption in the third dark area 
on the first vein (R,), appear to be a constant character. 

Pupa (figs. 4, 5). This is a small pupa about equal in size to 
that of var. mouchett. 

The respiratory trumpets appear to have a very short meatus, 
as shown in fig. 4, D, but the wall at the base of the opening is so 
thin that it is difficult to be certain how far the opening extends. 
The abdominal chaetotaxy differs from that of both var. moucheti 
and freetownensis, but the lateral series are very similar to those 
of the former. The submedian series are 3-branched on the second 
segment and longer and 3- or 4-branched on the third; on the 
fourth segment they are almost as well developed as on the fifth, 
and are a 2-branched bristle on one side, a 3-branched on the other. 
On the fifth to the seventh segments these are long, double bristles, 
as long as the tergites. The sublateral series on the fourth to sixth 
segments are long as in var. moucheti, but do not show more than 
three branches. The anterior submedian hairs have also fewer 
branches than in var. mouchett, having 3 branches where, in that 
variety, there are 5. The paddles have the distal margin appearing 
much less rounded internally than in var. mouchett; the fringe 
resembles that of moucheti in that there is a very sharp demarcation 
between the spine-like processes and the more distal hair-like 
processes. The apical bristles are not complete; the subapical 
hair is bifid or trifid, the stem being about equal to the branches, 
thus resembling that of var. mouchett. 

Described from the pupal pelt of a specimen taken at the side 
of a stream, ‘ herbes a sol,’ Simi-Simi, near Stanleyville, Belgian 
Congo, 30 August, 1928, Dr. Schwetz. 
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ANOPHELES MARSHALLI var. FREETOWNENSIS Evans 


Pupa. This pupa is rather larger than that of var. moucheti 
(fig. 4, A and C, fig. 5, 4 and C). The respiratory trumpet closely 
resembles that of fwnestus in structure and differs from that of var. 
mouchelt in that the opening is not continued to the base and thus a 
short tubular “ meatus’ is present, which measures about one-fifth 
of the total length of the trumpet. 

The abdominal chaetotaxy (fig. 5, C) differs markedly from 
that of var. mouchett, but bears a good deal of resemblance to that of 
funestus. Lateral series of spine-like bristles longer and rather 
more slender on the fifth to seventh segments than in var. moucheti : 
on eighth segment about as in var. mouchett. The submedian series 
on the second to fourth segments are branched hairs ; on the fifth 
to seventh segments these are long bristles, either single or with 
2 or, occasionally, 3 branches. Sublateral series on segments five 
to seven with 5 to 8 branches. Paddles differing from those of 
var. moucheti chiefly as follows: Subapical hair of 4 to 7 branches 
arising from a very short stem; spine-like part of fringe only 
extending a short distance and merging gradually into the fine hair- 
like part ; fine processes of fringe longer than those in var. moucheti. 
Apical bristles bent into a hook as in var. mouchett. 

Described from the pupal pelts of eight specimens of this variety 
collected in and around I‘reetown, Sierra Leone, 1925, by Professor 
Blacklock and the writer. 

Male terminalia. live parabasal spines similar to those of 
var. mouchett are usually present, but in one specimen there is an 
additional short, bent, internal spine, evidently an_ individual 
peculiarity. The lobes at the bases of the side-pieces usually have, 
in addition to the bristles present in var. moucheti, a short bristle 
just internal to the long one. Phallosome (fig. 6, A) with at least 
six pairs of leaflets, usually eight and sometimes nine or ten. The 
leaflets of each side are arranged in two or three series, the longer 
ones broad and serrated and sometimes with a median thickening, 
the length of the different leaflets more evenly graded than in var. 
mouchett. 

Described from seven specimens, four of which were stained with 
carbol fuchsin and all mounted so as to display the mesosome. 
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In 1927 I suggested that a study of their early stages might 
throw light on the question of the status of the varieties of 
A. marshall. The larvae of the type form from South Africa 
and three others are now known, and are all distinct from each 
other, while of the pupae of the three varieties here described, those 
of moucheti and freetownensis are easily separable from each other 
and from that of the form described by Ingram and Macfie (1917) 
from West Africa. The pupa here described as that of hargreavesi 


millimetre 


Fic. 6. A.—Phallosome of 3 A. marshall, var. freetownensis ; B.—The same of var. moucheti. 


is quite distinct from the former, and certainly also appears to differ 
from the latter. Another larva which may possibly be that of a 
variety of marshalli, was collected by the writer in a roadside ditch 
in the hills behind Freetown, Sierra Leone, in 1925. In addition 
to this larva, only a pupa was found in this ditch and it gave rise toa 
female which agreed very closely with A. marshalli var. 
donucolus Edw. The associated larva is quite different from those 
of any of the forms of marshalli so far described and appears to 
differ from that of any known African Anopheline larva. The 
palmate bristles are extremely small, slightly smaller than those of 
costalis and only about half the diameter of those of var. freetownensts. 
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The leaflets are relatively much wider than in costalis and the 
filaments much shorter, the proportions being about as_ in 
freetownensis. Rudimentary palmate bristles are present on the 
first two abdominal segments, but could not be detected on the 
thorax which is, however, distorted owing to the fact that the 
pupa was beginning to emerge. The clypeal hairs are all simple, 
the outer being about two-thirds the length of the inner, and arising 
some distance behind the bases of the latter. The lateral comb 
is rather similar to that of freetownensis, but the five short teeth 
between the lowest long teeth show a regular decrease in size from 
below upwards. The pupal respiratory trumpet, which is com- 
pletely developed, has a short meatus and resembles that of 
freetownensis. 

If this larva should prove to be that of domicolus, then that 
variety would be very distinct in its larval stage from the other forms 
of marshalli of which the larvae are known. It still remains to 
be seen whether the early stages of prtchfordi, flavicosta, and austem 
are equally distinct. A good deal of confusion has existed regarding 
the diagnosis of the first of these. If, however, the larvae and 
pupae of specimens agreeing with the type series from South Africa, in 
having the thoracic scales almost hair-like on the posterior two- 
thirds, could be compared with those of mouchett, hargreavest and 
freetownensis, it would probably be possible to define more clearly 
the characters of this variety. The differences which are shown to 
exist between the male terminalia of the two varieties, moucheti 
and freetownensis, suggest that a study of these structures in other 
varieties might afford another clue to the limits of variation and 
relationships of the forms of marshalli. It seems possible that one 
or more new forms may have to be regarded as distinct, or that some 
of the existing varieties be raised or re-raised to specific rank. It is 
obvious, however, that a thorough examination of the early stages 
and male terminalia of series of specimens showing many shades of 
variation will have to be made before a definite conclusion can be 
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THE EFFECTS OF SELECTION UPON 
SUSCEPTIBILITY TO BIRD MALARIA 
IN CULEX PIPIENS Luxx. 
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PLATES VI AND VII. 
INTRODUCTION 


lor one who is interested in the study of the biology of parasitism, 
there is no better material from which to choose than one of the 
malarial organisms. It has no free-living stages; it invades the 
tissues of both hosts; and it displays a specificity of attack which 
has been considered classic. The present investigations are the 
result of a desire to follow the purely biological questions involved 
in such a case of parasitism. Surely, there is no more interesting and 
important biological problem remaining unsolved than that of the 
specificity displayed by certain parasites in the selection of their 
hosts. Among such parasites the malarias are none the less 
interesting biologically because of their economic importance. 

The present investigations have been concerned with one aspect 
of the problem of explaining the cause and nature of specificity. In 
a previous publication (1927) I brought forth evidence in favour of the 
existence of an imdividual immunity within a species of mosquito 
known to be susceptible to infection. The case cited (and the one 
with which we shall deal in this discussion) is that of the parasitism 
of Culex pipiens by Plasmodium cathemerium Hartman. As brought 
out previously (1927), this avian malaria is infectious only to certain 
individuals of Culex pipiens, in spite of the fact that every effort 
was made to see that each individual received thousands of game- 
tocytes in its infective meal. If one feeds the mosquitos upon birds 


* National Research I'ellow. ‘This research was supported by a grant from the Wellington Fund. 
I wish to express my gratitude to Dr. L. R. Cleveland for his interest and aid. 
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at the time when gametocytes are most numerous and, later, dissects 
the mosquitos, he will find that certain individuals have escaped 
infection, while the others have acquired tremendous infections. 
That the uninfected ones failed to acquire the infection because of a 
chance unequal distribution of parasites is an untenable hypothesis 
when the massive dose is taken into consideration. A part of 
Table VII is here reproduced from my previous paper (1927), to give 
specific illustration of the question at hand. 


I. 


Comparison of degree of infections in the birds, with the results of the dissection of mosquitos 
having fed from them. (Condensed from ‘Table VII, p. 723, of 1927 publication.) 


| | 
| | Number | 
Parasites Percentage gametocytes Total | Number 
Lot per 10,000 gametocytes perto,ooo Numbers positive 
R.B.C. R.B.C. dissected 
A 1,213 37-0 449 15 | 7 
D 778 10.0 78 | 9 | 4 
I 734 8.7 63 7 3 
I 243 14.0 34 10 fe) 
1,288 2.0 26 | 8 
| | | 


In that paper it was calculated (pp. 712-713) that most of these 
mosquitos received several hundreds or several thousands of game- 
tocytes when they took their infective meals. It seems that here is 
some inherent ability to evade infection. The natural question then 
arose: Is this ability of certain individuals for resisting infection 
hereditary, or do environmental factors play the determining part ? 


SPECIES USED AND THE REASONS FOR THEIR CHOICE 


This study was conducted upon Plasmodium cathemerium, with 
the domestic canary serving as vertebrate host and Culex pipiens 
as the invertebrate host. Of the three species of avian Plasmodiums 
available, cathemerium* was most satisfactory for this study because 


* The question of the nomenclature of this species will be treated in a subsequent publication. 
The parasite has been known in the United States as the ‘ Hartman strain’ of bird malaria, and was 
designated Plasmodium cathemerium by Hartman (1927b). It is the species used by the following 
writers in the publications listed. Taliaferro (1925) called it the ‘ recently isolated strain,’ Hegner 
and MacDougall (1926) did not give it a scientific designation, Hartman (19274) called it P. praccox, 
and Boyd (1929) has published upon it under the name cathemerium. 
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of the higher infections produced by it in the bird. Culex pipiens 
was chosen as the insect host because of its preference for avian blood, 
of the ease of breeding it in captivity, and of the existence of an 
individual immunity already demonstrated. 


METHODS EMPLOYED 


The strains of mosquitos used were obtained by collecting the 
larvae of adults from the field. In the case of lines 4, B, and C, to be 
described later, large quantities of larvae were collected from a 
stagnant swamp in August, and brought into the laboratory and 
bred out. Lines D and E were started from hibernating females 
caught in a cellar in February, by Dr. Marshall Hertig, to whom 
I wish to express my thanks at this point. Some difficulty is 
encountered by either of these methods in getting this species to 
breed through the first few generations. This is due to the fact 
that only a very few of the first generation will copulate in captivity. 
Many rafts of eggs will be laid but only rarely will they be viable. 
However, if these are carefully nursed through the next generation 
they will then usually copulate readily even in lamp chimneys and 
practically all of the eggs laid will hatch. 

The technique for handling the mosquitos has previously been 
described (1927, pp. 712-715). The larvae were grown in large white 
bowls of water to which a small amount of dehydrated blood serum 
and milk powder was added daily. These bowls were kept covered 
to prevent chance ovipositions from extraneous females. When 
pupae appeared they were removed and placed in crystallizing 
dishes over which lantern globes with gauze coverings were fitted. 
The adults emerged into this globe cage and the latter was placed 
over a Petri dish containing a moist cotton pad. leeding upon 
infected birds was accomplished by tying the immobilized bird upon 
the top of the cage in such a manner that the mosquitos could 
bite it in the pectoral region. After a lot of mosquitos had been 
fed upon a severely infected bird, the engorged ones were separated 
from the unengorged and the former properly labelled and put 
aside for five days. Then the females were each put into separate 
oviposition chambers containing water, and given serial numbers. 
As soon as ova were laid or the female died, the latter was dissected 
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and the stomach examined for the presence of oocysts. If the 
female was infected, her progeny was kept and the above process 
repeated upon it, again selecting the progeny from infected 
females. Such a line was called a ‘ Positive’ or ‘ Susceptible ’ line. 
Irom the progeny of females showing no infection in the first genera- 
tion, “ Negative’ and ‘ Non-susceptible’ lines were begun by the 
same method. 

One of the most important points in this technique was the 
need for feeding all mosquitos on birds with the highest possible 
infections. It was especially important to make sure that the per- 
centage of gametocytes was high as well as to select birds with 
infections in which the total numbers of parasites were high. In 
this work enough infected birds were kept on hand to provide the 
desired type of infection at the desired time. In dealing with the 
negative lines of mosquitos it was necessary to run control feedings 
from stock mosquitos in order to be sure that the bird upon which 
they were fed possessed highly infectious blood. 

All mosquitos were kept in a constant temperature room which 
was equipped with thermostat and electric heater. The temperature 
range was 79°-82° I. (26-0°-27-7° C.). The relative humidity of the 
room Was kept high by allowing the water to drop from the hot-water 
faucet. The moisture content of the breeding cages was usually 
higher than that of the room because of the use of a saturated pad 
of wood-fibre cotton on the bottom of each. Inasmuch as all lots 
of mosquitos were kept under identical conditions of temperature 
and moisture, it is believed that these environmental conditions 
could have played no differential part in the infections of the 
individuals of a given lot. 

It seems desirable to record here some of the difficulties which 
one encounters in this type of experiment; for it is realised that 
the numbers of generations and the number of individuals in each 
generation dealt with fall far short of the numbers required by those 
interested purely in the genetics of the problem. First, there are 
usually only about fifty to two hundred ova laid by a single female. 
If all of these hatch and grow to become adults—which seldom 
happens—half of them will be males. Then, when the remainder are 
given an opportunity to feed upon an infected bird they often show 
great indifference to the opportunity and many of them will die of 
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starvation rather than suck blood. Of those fed, a large proportion 
survive long enough to allow oocysts to develop sufficiently to be 
seen upon dissection. However, not all of them lay eggs, and even 
some of the eggs laid are not viable. When it is remembered that 
some of these larvae from the viable ova will have to be discarded 
in the selection of a susceptible or non-susceptible line, it will be 
seen that the vicissitudes are many and the successes few. Genetical 
problems upon this line of work are ones to be undertaken by a staff 
of workers rather than by an individual. It is, of course, important 
to remember even in this case that one is dealing with a character 
which manifests itself only in the female and that the male, therefore, 
always remains an unknown factor. 

The difficulties involved ought not to be blamed entirely upon 
the species of mosquito used. The fact is that for mass breeding 
Culex pipiens makes a splendid laboratory animal. That it is also 
a good species for certain types of genetical experimentation I hope 
to show in a subsequent publication, the data for which are now 
nearly completed. 


TABULATION OF RESULTS 


An attempt has been made here to make the results obtained 
as clear as possible by representing them in several different ways. 
Table IT gives the dissection results for the various selected lines. 
After the explanation already made about the many difficulties in the 
way of carrying the selection for many generations, no apology is 
made for the brevity of some of the lines. It should, however, be 
said in justice to the technique used, that line D came to an end 
because all of the ova laid by the second generation were non-viable. 
Line E was saved only by using the progeny of an uninfected mother 
(from the only ova which hatched) instead of that from an infected 
mother as should have been done if the latter had been available. 
No males were obtained in the following generation ; so males from 
B-VI were inserted, since they were the only ones available at the 
time. 

Figs. 1 and 2 present the same results in graphic form which, 
it is hoped, will render a more lucid comparison of the two kinds 
of strains possible. Fig. 1 is constructed from the actual numbers 
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The numbers of uninfected and infected mosquitos, together with the percentages of infected 
individuals in each generation, of the various strains selected from uninfected mothers, ‘ Negative,’ 


and from infected mothers. ‘ Positive.’ 


(From uninfected mothers) 


NEGATIVE 


PostrIve 


(From infected mothers) 


Line 4 Line B Line C Line D Line 
Genera- 
. | | | | 
] 8 II $i 1 16 > 4! 41 
II 201-3 83 | 3! 7 70 3 29 6) 
28 | 2 7 | 56) 0 137139 41 87 
IV $8 | 19); o| 1 | 23) 6) 28 
3 fe) fe) 35 fe) | fa) ro) 5 
VII oj}; 137) 6) 145 o| 2 0; | 9 
| 
x o 4| 0 Oo} o| oe) | o!| o 
i | \ | i 
| | | 
74| 7 |. 86 | 20| 7.4 48 | 48 | 50 | I9 | 49 67.8 43 | 64 59.8 
percentage 
when first 
generation 7.5 64.8 


is left out. 
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+70 SHADED AREAS = INFECTED MOSQUITOES 

UNSHADED AREAS = UNINFECTED MOSQUITOES 

A and B - SELECTED FROM UNINFECTED MOTHERS 
r60 C,D, and E - SELECTED FROM INFECTED MOTHERS 
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Fic. 1. Block Graph showing numbers of infected (shaded areas) individuals and uninfected 
(unshaded areas) individuals in each generation. 
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of positive and negative dissections, while fig. 2 shows percentages 
of the infected individuals in a given generation expressed in terms 
of the total number dissected. Plate VI is an attempt to represent 
graphically the pedigree of the strains. It has been possible here to 
represent more clearly the origins of the various strains and to 
indicate the kind of selection used. It will be seen from this figure 


SELECTED PROM UNINFECTED MOTHERS SEIBCTED PROM INFECTED MOTHERS 
A B Cc D E 
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Fic. 2. Block Graph showing the percentages of infected individuals in a given generation 
expressed in terms of the total number dissected. ‘Ihe dotted line shows the percentage of 
individuals infected in unselected lots. 


that strains 4, b, and C came from the same original group of 
mosquitos (from the progeny of a single female); and also that 
strains D and FE had common origins (in a group of hibernating 
females). Unless otherwise shown the matings were all brother- 
sister matings. 


DISCUSSION OF RESULTS 


In general, these results show that selection from uninfected 
mothers tends to cause the percentage of individuals in the progeny 
which will become infected, to be reduced ; and that selection from 
infected mothers rapidly increases the percentage of individuals 
susceptible to infection. Since males do not normally bite—and in 
my own experience do not become infected when fed artificially 
on infective blood—they remained an unknown element in the 
problem and hence prevented the ready determination of the recessive 
character and its subsequent isolation in a strain homozygous for it. 
Lines 4, B, and C had their origins in the same lot of mosquitos 
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which were fed on an infected bird and then dissected. Line 4A was 
continued five generations, during which the inbreeding was all 
brother-sister, and the selection made from uninfected mothers. The 
percentage of infected individuals in any generation was never more 
than 13, and the average percentage of infected individuals was 
only 8-6. Line B, at this writing, has passed through ten generations. 
As can be seen from the tables and figures, this line was entirely 
negative to infection during the third, fourth and fifth generations. 
That these mosquitos—a total of 110—failed to become infected 
because of low infections in the birds is entirely disproved by the 
fact that mosquitos from stock lots fed on these same birds became 
severely infected. Plate VII shows an infection which was typical 
of the controls. Line B was closely inbred for the first four genera- 
tions, but at this stage the numbers in each lot became so small 
that they had to be placed together in order to save the strain. 
This, however, was followed by the unfortunate result that in the 
sixth generation there was a reappearance of a fairly large per- 
centage (24 per cent.) of infected individuals. Discontinuance of 
this mass selection and return to close inbreeding was followed by the 
result that the percentage of infected individuals decreased to 
15 in the seventh, and to 3 in the eighth generation. The 20 per cent. 
in the ninth generation is based upon too small a number to have 
much significance. The average percentage for the whole ten 
generations was 7:4. A comparison of this figure with the per- 
centage of individuals which became infected when a mass lot of this 
species was given an infective meal is interesting at this point. 
Out of 160 random feedings from controls, using females from 
larvae taken in the field, 45, or 28-1 per cent., became infected. 

The results for lines C, D, and E which were selected from infected 
mothers were strikingly different. After the first generation of 
selection the lowest percentage of infected females in any generation 
was 21, and in one case the percentage went as high as gt. The 
average percentages of infected individuals were 50-0, 67-8, and 59°8, 
for strains C, D, and E respectively. These averages are strikingly 
higher than the percentage of infected individuals found in mass 
feeding, 28-1. 

We find, then, that the number of individuals which become 
infected in a given generation is closely correlated with the pedigree of 
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that stock rather than upon differences in temperature or humidity 
conditions. It seems difficult to explain these results except by the 
assumption that hereditary characters determine whether or not a 
given individual mosquito will become infected when environmental 
conditions are favourable. (It is well known that low temperatures 
prevent the development of the parasites in susceptible mosquitos.) 

A proof that there is operating within a species known to be 
susceptible to malaria an hereditary factor which determines the 
susceptibility or non-susceptibility of the individuals of that species 
will, of course, explain readily the phenomenon described previously 
(1927) as‘ individualimmunity.’ On the other hand, this demonstra- 
tion would seem to fit equally well in an explanation of the mechanism 
of natural immunity which involves the operation of an active 
resistance to infection on the part of the mosquito or in an explana- 
tion which shows that failure on the part of the mosquito host to 
become infected was due to a lack of some essential nutritive agent 
in its tissues. It is as easy to think of the one as being hereditary 
as it is of the other. In other words, a demonstration that natural 
immunity is hereditary in nature fits as well with the hypothesis 
that this immunity or non-susceptibility is active, as it does with that 
which assumes that it is passive or atreptic. 

These results ought to warn us against assuming that because 
one insect has been infected by a particular parasite, all members of 
that species of insect are susceptible to infection. There are very 
likely many other cases in which only a small percentage of individuals 
of a species is susceptible to infection with a particular parasite 
and, under conditions favourable to selection, this percentage 
might fall to zero or rise to one hundred. We know of at least one 
other case in which this was true. While working upon the pébrine 
of silkworms, a protozoan disease caused by Nosema bombycis, Pasteur 
(1870), found that although the majority of the individuals succumbed 
to the infection, a few of them survived. From these individuals 
which survived he started resistant stocks—a procedure which was 
simpler than the one recorded in this paper because he was dealing 
with a disease of the larvae and was, therefore, able to get adults of 
both sexes which had resisted the infection. 

If similar conditions obtain in human malaria, a possible explana- 
tion is offered of the innocuousness of a species in a malarious district 
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which is a dangerous carrier of malaria in another district. Such a 
species might be represented in the former district only by a strain 
composed of a low percentage of susceptible individuals ; or it is 
conceivable that a race of non-susceptible mosquitos might arise 
in nature from a species known to contain susceptible individuals. 
The following examples are given as cases in which the existence of 
biological races differing perhaps only in their susceptibility to 
infection might be the explanation of the apparently innocuous 
character of these species. 

Covell (1927) has collected the data recorded regarding different 
species of Anopheles and one of his paragraphs is here quoted in its 
entirety :— 


‘One of the points brought out by the examination of the results recorded by 
various observers is that a species which has been proved to be an efficient natural 
carrier in one situation sometimes does not appear to play an important part in 
another. An example of this is afforded by 4. aconttus in the Dutch Fast Indies. 
‘This species has been proved to be a good carrier of M.. parasites experimentally, 
and has been found naturally infected both in Malaya and in Western Java. In the 
latter region a sporozoite rate of 7 per cent. was recorded by Winoto, Yet in another 
part of the Dutch East Indies, Swellengrebel and §. de Graaf dissected over 1,000 
specimens with negative results, although in the same villages in which these were 
caught, not only 4. Judlozei but also 4. sinensis (byrcanus), 4. barbirostris and 
A, indefinitus (:'agus) were found to be naturally infected. ‘The reason for this 
phenomenon has not been explained, and one can only surtnise that in the latter 
region the conditions were in some way unfavourable for the development of the 
parasites in the former species.’ 


Another case differing principally because it rests upon epi- 
demiological evidence but, nevertheless, being as difficult to explain, 
is given in the following personal communication by Dr. Paul F. 


Russell. He says :— 


‘At the Norton hydro-electric scheme in Ceylon, in October, 1925, Anopheles 
maculatus mosquitoes were found breeding in abundance. Approximately a 
thousand coolies had been working there for about a year and were housed at the site. 
They had been recruited from various parts of Ceylon so that among them were 
many gametocyte carriers. Yet an examination of the hospital records showed 
that there had been no outbreak of malaria. In Malaya such a situation is not 
conceivable. Wherever numbers of coolies have been housed near 4. maculatus 
breeding places there have always been sharp outbreaks of malaria, so that now 
no project is undertaken without preliminary and coincident .4. maculatus control, 
For example, the new Singapore water supply project at Gunong Pulai, in Johore, 
is protected by extensive sub-soil draining, etc.” 


In the light of what is reported here for bird malaria and Cilex 
pipiens, it seems desirable to examine such cases in the future with 
this in mind. 
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On the other hand, it is no more unreasonable to assume that 
a species of mosquito now believed never to become infected with 
human malaria—any Culicine, for example—might possibly give rise 
to a strain which would be susceptible. [f, in such a species, ‘ sus- 
ceptibility ’ behaves as a recessive character, it might be expected 
' to crop out only very rarely. We know that albino rats or crows 
occur very infrequently in nature, and that when they do appear 
they meet a life filled with vicissitudes which tend to exterminate 
them. However, if a Culicine mosquito appeared which was capable 
of becoming infected with human malaria, it is not likely that this 
character would in itself be inimical to the existence of the species, 
and hence it would be much more likely to remain in the hereditary 
constitution of the species than albinism would be to remain in the 
hereditary constitution of a rat or crow in nature. And, if such an 
individual happened to be one among the few which survived a winter 
or a drought in a particular region, it is certain that the number 
of susceptible individuals in the race which followed would be 
greatly increased. Following these facts and this line of reasoning, 
it ought not to be startling to us if we should find sometime a case 
in which human malaria is transmitted by Culicine mosquitos. 
Bruce Mayne (1928) has shown that an Anopheline mosquito may 
become infected with bird malaria. There is no evidence at present 
which would preclude or even render unlikely the possibility that 
if a sufficiently large number of Culicine mosquitos—perhaps 
hundreds of thousands—were fed upon human gametocytes, one of 
them would become infected. I do not wish to speculate upon the 
matter. However, it seems to me that we have enough evidence 
in hand to cause us to look upon the susceptibility and non- 
susceptibility of mosquitos to malarias with less faith in the im- 
mutability of their specificity. 


SUMMARY 


Selection in Culex pipiens in respect to its susceptibility or 
non-susceptibility to Plasmodium cathemerium (an avian parasite) 
has brought strong evidence in favour of the existence of ‘ susceptible ’ 
and ‘ non-susceptible ’ races in this species. Selection of progenies 
from infected mothers caused the number of infected individuals in a 
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particular line to increase rapidly in percentage. Selection from 
uninfected mothers caused a rapid decrease in the percentage of 
infected individuals in such a line. 

It is believed that this proof weakens somewhat our conception 
that specificity is immutable. The proof that susceptibility and 
non-susceptibility behave as hereditary characters within a species, 
opens the question of whether a so-called susceptible species may 
not be capable of engendering a non-susceptible race, and conversely 
the question—even more important-——-of whether a so-called non- 
susceptible race may not be able to produce a susceptible race. 
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EXPLANATION OF PLATE VI 


Diagrammatic representation of the effects of sclection upon 
susceptibility. The arrows indicate whether the selection was from 
infected or uninfected females. The number of arrows indicates 
the number of females which laid viable eggs. Designations of 


generations and lines same as Figs. I and 2. 
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EXPLANATION OF PLATE VII 


Stomach of a mosquito from a control lot used to prove the 


infectiousness of the blood of the bird. 
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TUNNEL RAT-TRAP FOR STORES 
AND SHIPS 


BY 


J. A. MITCHELL, M.B., Ch B., D.P.H. 


SECRETARY FOR PUBLIC HEALTH AND CHIFF HEALTH OFFICER, UNION OF SOUTH AFRICA. 
(Recerved for publication 18 June, 1929) 


PLATES VII] ann IX. 


A difficulty experienced in South Africa in dealing with forage 
and grain stores and similar buildings, is that as a result of persistent 
trapping, the rats sometimes become exceedingly wary and 
‘ knowing, so that the ordinary types of trap—gin, breakback and 
funnel cage—-after a time prove ineffective. Another difficulty is 
that it is usually impossible to lay or set traps in a store filled com- 
pletely or almost so with forage, grain or similar produce, unless open 
spaces and access passages have been left when the store was being 
filled. Even when such stores are constructed on thoroughly rat- 
proof lines they will usually, where there is movement of produce 
into and out of the store, soon be found to harbour rats among 
the contents unless continuous preventive measures are taken—such 
as trapping or the keeping of cats. 

The Union Health Department at first studied the possibility of 
providing a permanent ‘home for rats’ in such stores, with con- 
veniently-placed openings in the floor or walls, giving access to 
pipes or channels leading to fixed and permanent rat-proof chambers 
conveniently placed either inside or outside the building, and provided 
with facilities for shutting off at intervals the ingress or egress 
channels, opening the chambers and removing the contained rodents. 
Experiments with ‘ homes for rats’ constructed on these lines were 
carried out, but proved disappointing ; the system, moreover, could 
only be installed in new or radically reconstructed buildings, and 
entailed considerable cost. 

Attention was then directed to devising some form of continuous- 
acting trap which could be easily and cheaply installed in existing 
stores, and left there indefinitely or for lengthy periods, even when 

443 


: 
4 
| 
Ae 


444 


the stores was filled with produce—the rats entering it being led to a 
cage trap placed so as to be convenient for inspection and removal 
at intervals. 

This plan was made possible by the success of Mr. W. G. Powell, 
the Department’s Chief Rodent Inspector, in devising a simple and 
effective ‘ valve’ which, when placed in a tunnel or run-way used 
by rats, allows them to travel in one direction, but bars their return. 
This ‘ valve ’ consists of a stout tin or sheet-metal box, open at both 
ends, measuring 7 inches long, 4 inches high and 23 inches wide, 
the space between it and the sides and top of the tunnel being closed 
up with wire netting, so that rats traversing the tunnel must pass 
through the ‘valve.’ Inside the box is a little wire trap-door 
734 inches long and 2 inches wide, hinged at its upper end into the 
metal box an inch from the top, and with its lower end resting lightly 
on the floor of the box and making with it an angle of about 25 degrees 
(see Plate VIII). A rat entering this box at its upper end finds 
that the little trap-door hits lightly on its back, and passes through 
the opening thus made; the trap-door falls back into position 
immediately the animal has passed through, and the rat cannot 
return. 

The remainder of the ‘ tunnel trap’ is an adaptation of Powell’s 
double-funnel wire-netting cage trap, a number of these traps 
being arranged in series so that each opens into a common tunnel 
or passage—the whole being enclosed in a narrow wooden box made 
in detachable lengths, each 7 feet long, 10 inches wide and 9} inches 
high—each length having a ‘ valve ’ placed near the lower end of the 
‘tunnel.’ 

Each of these lengths has six openings along one side, these 
being 3 inches in diameter and placed close to the floor of the box. 
The openings are opposite the open ends of funnels in the wire-netting 
cage enclosed in the box, the cage measuring 8} inches wide by 
8 inches high. Between the cage trap compartments in the cage is a 
bait chamber which has a removable sheet-metal tray, and, at its 
further end, opens directly into the ‘ tunnel’ of the cage. At each 
end of the cage the tunnel ends in a small compartment extending 
the whole width of the cage and communicating by a 32-inch opening 
with a similar compartment in the next length of cage. The ends 
of each length are fitted with catches, so that it may be securely 
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joined end to end (with the end openings opposite each other) with 
the next length, or with the terminal cage trap, or the end opening 
in one length may communicate with the similar opening in the next 
length by means of a 3-inch metal pipe—which may be from 2 or 
3 feet up to 20 or 25 feet long. 

At the end of the series of lengths so connected is a single-funnel 
cage trap enclosed in a detachable wooden box with hinged lid, 
18 inches long and of the same cross-sectional dimensions as the 
sections of the trap, namely, 10 inches by g} inches external. The 
dimensions and details of construction of the cage lengths and 
the terminal cage trap are shown in Plates VIII and IX. The 
whole apparatus may be made by a handyman at the rate of 
about one 7-foot length a day, at a cost of a few shillings for materials. 
Mr. Powell has made a half-scale model for demonstration purposes, 
the working of which may be interestingly and convincingly shown 
with the aid of a few mice. When a rat (or a mouse, in the half-scale 
model) enters one of the openings in the side of a length, it finds 
itself in the wide end of a funnel which leads it into a cage compart- 
ment, out of which it can escape through either of two funnels into a 
bait compartment which opens directly into the tunnel at the back 
of the box. Once in the tunnel it soon passes through the ‘ valve,’ 
is unable to return, and passes on into the next length—and so on 
into the terminal cage trap. 

In actual trapping work, the boxed-in lengths are laid along one, 
two or three sides of the store, in the angle between wall and floor, 
with the openings towards the interior of the building. Suitable 
bait is placed in each tray. In a forage or grain store, water and 
vegetables such as potatoes, cabbage or lettuce leaves, melon-peel, 
fruit, etc., will usually prove most attractive ; in buildings where 
no grain is kept, wheat, barley or oats will be suitable. If water is 
not near and easily available, a little in a tray will prove very 
attractive. Bacon-rinds and fish also make excellent bait. The 
lengths should be securely fixed end to end, with catches or screw- 
nails and wire, the terminal cage trap being fixed at the lower end of 
the series, and so placed as to be convenient for inspection and 
removal at intervals. Care should be taken to ensure that the cage 
lengths are so placed that the tunnel valves all open in the direction 
of the terminal cage trap. If desired or convenient, any two cage 
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lengths, instead of being fixed directly end to end, may be joined 
by a length of 3-inch piping flanged at both ends so that it can be 
securely fixed by means of screw-nails over the end openings in the 
cage lengths. Experience shows that rats travel readily along 
such pipes. The pipes need not be horizontal, but may be sloped 
so that the rats travel either upwards or downwards ; in this way 
cage lengths in a first or second floor may be ‘ drained’ to a cage 
trap in the ground floor, or rats entering cage lengths in a cellar 
or basement may be led up to the ground floor. 

Trap systems of this kind have been used in forage and grain 
stores for over a year past, by the Union Health Department, in 
conjunction with the Railways and Harbours Administration and 
some of the large Municipalities, and have proved very convenient 
and effective, especially where, as already explained, other forms 
of trap have come to be ineffective. Even where most of the cage 
lengths are covered with forage or grain, so that the bait trays 
cannot be replenished, it has been found that the system continues 
to function ; rats enter to explore, or to find safe nesting places, and 
soon find their way to the terminal cage trap. 

A trap system of this kind could easily be adapted and applied 
to ships. The wire-netting would have to be made of some rust- 
proof material, and the cage lengths, instead of being cased in wood, 
should be enclosed with substantial steel plates, the top plate being 
bolted on and easily removable so that the cage lengths can be taken 
out and inspected at intervals. With such a trap system I feel 
confident that the rat population of a vessel could be effectively 
controlled and kept down to a minimum, and those remaining 
might even be made use of as ‘sentinels.’ In 1925, in connexion 
with the question of periodical fumigation of ships for rat destruction 
purposes, I reported as follows to the Committee of the Office Inter- 
national d’Hygiéne Publique—then engaged on drafting the new 
International Sanitary Convention : 


‘ It is considered that in designing new ships attention should be paid to rendering 
them as rat-proof as possible, and facilities should be provided for rat destruction. 
The Convention should be framed so as to encourage the provision of such facilities. 
If ships were constructed on rat-proof lines and provided with special chambers or 
spaces, easily accessible to rats, and where they could find attractive cover and food, 
but which could be easily shut off when desired and the rats therein caught and 
examined, any rats finding their way on board could be utilised as “ sentinels”? or 
detectors of plague infection.’ 
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The tunnel trap should greatly facilitate the carrying out of the 
foregoing proposals. Unfortunately, no opportunity of trying-out 
the system on ships in South African waters has so far occurred. 
The system should preferably be installed in the ship during 
construction. 

I hope that the matter will be taken up and the possibilities of the 
system thoroughly investigated by the British Ministry of Health 
or some other National Health Authority, acting in consultation 
and co-operation with the Board of Trade and Shipping Companies. 


POWELL’S TUNNEL TRAP. 


MATERIALS AND DIRECTIONS FOR CONSTRUCTION. 


Frame for cage and trap: No. 8 gauge galvanised wire. 

Wire-NerrinG: $-inch (for rats) of No. 19 gauge galvanised wire. 

Proncs made of pieces of 14 gauge steel wire, sharpened at one end and made to project 1 inch beyond 
the ends of the wire-netting of which funnel is made. 

BinpING Wire: No. 16 or No. 18 gauge galvanised. 

Trays: No. 8 sheet galvanised tin. 

Boxes for cage lengths and cage trap: Pine boards, $ inch (or } inch if desired ; dimensions given on 
plans are for 4 inch boards) ; two hinges, hasp lock (for cage trap) ; Screws (for fixing top of cage 
lengths) ; Catches (for fixing cage lengths end to end). 

Cace Lenectus: 7 feet long by 10 inches wide and 9} inches high (for § inch boards). Fach length 
has six entrance holes— each 3 inches diameter, and placed § inch above level of floor of box. 

FUNNELS: 

In Cage Trap: Length, 12 inches; Diameter of aperture at base, 8 inches; Diameter at end 
of wire-netting (1 inch from end), 2 inches ; Diameter at end of prongs (which project 1 inch 
beyond wire-netting), 1} inches. 

In Trap Compartments: Length, 4 inches; Diameter of aperture at base, 5 inches; Diameter 
at end of wire-netting, 24 inches; Diameter at end of prongs, 2 inches. 

In Tray Compartments: Length, 5 inches; Diameter of aperture at base, 5 inches; Diameter 
at end of wire-netting, 2 inches; Diameter at end of prongs, 14 inches. 

In Tray Compartments and ‘Terminal Cage Trap, end of funnel should be carried up clase to the 
roof of the compartment. 
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EXPLANATION OF PLATE VIII 


Plan of Powell’s Tunnel Trap. Scale: I inch to 3 feet (approximately). 
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EXPLANATION OF PLATE IX 


Illustrating construction of Powell’s Tunnel Trap. 
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THE DISTRIBUTION OF BLACKWATER 
FEVER IN NORTH AMERICA* 


BY 


J. W. W. STEPHENS 


(Ikecetved for publication, 6 July, 1929) 


Two Mars 


UNITED STATES. 


Locality and Date Cases Authority 


General * An article appears in the “‘ Medical News and | Stamps (1886). 
Hospital Gazette ” (? 1832) of New Orleans, | 
by an unknown author, in which he dates a 
1820 case of haematuria as far back as 1820 and in 
his remarks on that and other cases, says : 
‘Whether haematuria, more than epistaxis 
menorrhagia’ or any other of the bloody 
profluvia be the result of that bugaboo mias- 

mata is questioned.” ’ 


Arkansas, Illinois, Indiana‘... . as early as 1837 and up to 1843, I | Day (1885). 


1837 encountered and treated many cases of this 
1843 disease in the Wabash and White River 

bottoms in the States of Indiana and Illinois, 
1846 and from 1843 to 1846 in the White River 


lowlands in the State of Arkansas, and that 
in each of these localities where I practised 
at the periods named, I found this disease 
more or less prevalent every year.’ 
General ‘ The writer confidently asserts that before the | Manson (1886). 
1850 vear 1850, the cases of haematuria, having 
the remotest connection with malarial 
disease, may be counted upon one’s fingers ; 
whereas since that date, it has appeared 
almost simultaneously from the Western 
boundaries of our country to the distant 
islands of Eastern Africa as a_ sporadic, 
endemic and epidemic disease.’ 


| 


| ‘Dr. R. ‘T. Michel, an able and eminent | Smith (1g00). 
| physician of Montgomery, Alabama, calls it 
a malignant malarial fever, gives an 
admirable and accurate description of the 
symptoms yet, strange to say, he dates the 
1867 | _ history of the disease from the year 1867.’ 


Alabama ... 


* SrepHENs, J. W. W. (1927). ‘The distribution of blackwater fever in Europe. Ann. Trop. Med. and 
Parasitol., 21, 467. 
———- (1928). The distribution of blackwater fever in South-West Asia. oc. cit., 22, 53. 
~~. (1928). The distribution of blackwater fever in India. Joc. cit., 22, 170. 
- —~- (1928). ‘The distribution of blackwater fever in Burma and the Far East. Joc. cit., 22, 179. 
——-— (1929). ‘The distribution of blackwater fever in Africa. Joc. cit., 23, 67. 
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Locality and Date | 


Louistana 


Louisiana 


Alabama 


Alabama, Arkansas, 
Misstssippt, North Carolina, 


eee 


1843 


1845 


Texas, 1866 


‘In 1886, Dr. R. H. Day read a paper before the 


State Medical Society, at Baton Rouge, 
Louisiana. ... The literature of haemorr- 
hagic malarial fever is very meagre and dates 
back only a few years in the past.’ 


me) ‘The disease was observed by a number of 


| 


| 
| 
| 
| 
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physicians many years before the close of our 
civil war. Among others, I may mention 
Dr. C. Glidden Young, of Louisiana, 1843. 
Dr. ‘T. Hl. Anderson, of Mobile, Alabama, 
was acquainted with the disease prior to 
1850. Dr. A. G. Mabry.... said in 


1870. ... More than twenty-five years | 


ago I treated in the vicinity of Selma, 
Alabama, cases of intermittent fever 
presenting in a marked degree all the 
symptoms characteristic of these cases at the 
present day.’ 


‘In ‘Texas it showed itself first in 1866 (Ghent, 


Tate, Starley, Hewson, Johnson (II), Heard), 
and about the same time on the coast and in 
the central swamps of Mississippi as far up as 
Natchez (Sharpe, in the Transactions of the 
Mississippi State Med. Soc. for 1874}, in 
Arkansas (Duval, in the Transactions of the 
Arkansas State Med. Soc. for 1871) and in 
Alabama, where it is very prevalent to a very 
considerable extent according to accounts by 
Kinnard, Scholl, Osborn, Michel, Riggs, 
Hendrick, Weatherley, Anderson, Mabry 
and Webb; and it has lately been reported 
to occur also in North Carolina, by Raleigh 
and Greene.’ 


New Fersey, North Carolina, *'Vhe disease,* being comparatively rare in 


Pennsylvania 


Alabama 


*i.c., the milder form, possibly cases of paroxysmal haemoglobinuria. 


this latitude (Pennsylvania), is sometimes 
overlooked on this account. 


©Of the seven cases which I have noted 


during fifteen years, five originated in 

Pennsylvania, one in New Jersey, and one in 

North Carolina.’ 


. *Two degrees of the disease are met with, a 


milder form in which other symptoms as well 
as the haematuria are less pronounced and of 
which instances occur in the Middle States, 
as well as the South and West of this 
country. Of this kind seem to be the cases 
studied by Harley and other English 
physicians. In addition to this, there is a 
second more malignant form attended by 
great prostration, vomiting and yellowness 
of the skin, along with copious discharges of 
bloody urine. Instances of the latter are 
numerous in the Southern States of this 


Authority 


Hirsch (1883). 


Tyson (1883). 
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Locality and Date 


Authority 


Alabama—continued 


1868 


General, 1869 


Alabama, Georgia, 
Mississippt, Texas 


Pacific Coast (Malaria) 


Alabama, Arkansas, 
Florida, Loutstana, 


Misstssippt 


Alabama, Arkansas, 
Florida, Georgia. 


Mississipp1, N. Carolina, 
S. Carolina, Tennessee, 


Texas, Virginia 


General (Malaria) 


country. ... My attention was first called 


to it in September, 1868, when I received | 


specimens of urine and the history of some 
cases from Dr. R. D. Webb, of Livingston, 


‘Haemorrhagic malarial fever... . Syn. 
Haemorrhagic Malarial Fever |Michel]. 
Black “Jaundice {Ghent}. Cachemia 
[Osborn]. Cachemia  Hacmorrhagica 
| Owens]. Icterode Pernictous Fever 
[McDaniel]. Walignant: Congestive Fever 
[Osborn]. Purpuraemia |Riggs.| Velloce 
Remittent |Sholl]. Vellow Disease. Cane- 


brake Yellow Fever. New Disease. 

Hare (1892) sent out questions to physicians 
residing in the areas marked in the census as 
having a death-rate from malaria of seventy 
per thousand or over (presumably those in 
the margin as no returns from any other 
areas are recorded). 

Fifty-four of the one hundred and fifty-five 
(physicians) see it frequently. 

The list of remedies for malarial haematuria 
used by the one hundred and _ seven 
physicians who sent replies to questions sent 
out to physicians residing in the areas marked 
in the census as having a death-rate from 
malaria of seventy per thousand or over. 


Only the milder forms of malarial fever prevail 
on the Pacific Coast (Washington, Oregon, 
California). (Cp. under heading California.) 


Haemoglobinuria from malarial disease 
frequently observed in Alabama, Mississippi, 
Louisiana, Arkansas and, to a less extent, in 
Florida. 


In North America, haemoglobinuric fever is 
found in the Southern States, especially 
parts of ‘Texas, Arkansas, Mississippi, 
Tennessee, Alabama, Georgia, Florida, 
N. Carolina, $. Carolina, Virginia. 


‘Trask states ‘that at one time malaria was 
endemic over a much greater area of the 
United States than it is to-day, and in many 
sections where it is still endemic its 
prevalence has greatly diminished. Fifty 
vears ago the disease prevailed farther north 
than it does now. ‘The endemic area 
extended to the great lakes and into Canada. 


| 


Ague was in this section the most common of | 


ailments and quinine the most universal of | 


household remedies. The early literature 
indicates that the disease was formerly more 


Boston (186g). 


Hare (1892). 


Hare and Krusen 
(1895). 


Perny (1898). 


Weber (1go1). 


Deaderick and 
Thompson (1916). 


‘Trask (1916). 


4 
3 
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Unirep Srares—continued, 


Locality and Date Cases Authority 
General (Malarta)—contd. or less prevalent also in Iowa, Minnesota, the | 
Dakotas, Utah, Colorado, Montana and 
Wyoming. 


would be of interest to explain’ satis- 

factorily why it has all) but disappeared 

: | from Wisconsin and Michigan, two States at 

one time badly infected, and still persists in 

certain sections of New England.’ 

‘At the present time, there are three principal 
well-recognised endemic areas, one large area | 
| and two smaller ones. ‘The large endemic | 

| area covers the whole South-Eastern portion 
of the United States—the territory | 
extending from the Gulf of Mexico to a line | 
north of the Ohio River, and from the 
Atlantic seaboard to and into the Eastern | 
part of Kansas, Oklahoma and Texas. Of the | 
two smaller endemic areas, one includes a | 
section of the Northern part of New Jersey, | 
South-Eastern New York, Connecticut, | 
Rhode Island and part of the State of 
Massachusetts. The third recognised en- 
demic area is in California, and includes the 
Sacramento and San Joaquin valleys.’ 

‘Fort Washington, Maryland, had for several 
years up to 1913 the highest malaria sickness | 

rate of any (army) post in the United States. 

In 1914 the highest rate (73 per 1,000 mean 
| strength) was at Washington Barracks, in the | 

district of Columbia. ‘The second highest 
was at Fort Myer, Virginia, just outside of | 
Washington. . . . and the third highest at | 

Leavenworth, Kansas.’ 

General _ *We know now that it isendemic....in.... | 
certain of our Southern States... . 
‘It would seem reasonable to consider black- | 

water fever in the United States as secondary 

to the malignant tertian infections brought 

in by the slaves.’ 


Stitt (1928). 


ALABAMA. 
Locality and Date | Cases Authority 
Alabama... ... ‘Two degrees of the disease are met with—a_ ‘Tyson (1883). 


milder form in which other symptoms as well 
as the haematuria are less pronounced, and — 
of which instances occur in the Middle 
States, as well as the South and West of this 
country; and second, a more malignant 
form — attended by great prostration, 
vomiting, etc., yellowness of the skin, along 
with copious discharges of bloody urine.’ 


2 


ALABAMA— continued. 


Locality and Date Cases 


Mlabama— continued ‘While a majority of cases of malarial haema- 
turia are intermittent, many are continuous, 
and of my seven cases, only two were 
distinetly intermittent. One of these cases I 
published in clinical lecture the 
Philadelphia Jedical Times, as far back as 
September 1, 1871.’ 

1868 ‘My attention was first called to it in 
September, 1868, when I received specimens 
of urine and the history of some cases from 
Dr. R. D. Webb, of Livingston, Alabama, 
who wrote also that it was not known in that 


1863 | part of his State, at least prior to 1863 or 
| 
Montgomery gas .... Deaderick and ‘Thompson (1916) state that in 
1869 March, 1869, Dr. R. FF. Michel, of 


Montgomery, Ala., read a paper before the 
Medical Association of the State of Alabama, 
in which he spoke of the disease ‘as a 
malignant, malarial fever following repeated 
attacks of intermittent, characterised by 
intense nausea and vomiting, very rapid and 
complete jaundiced condition of the surface 
as well as most of the internal organs of the 
body, an impacted gall bladder, and hemorr- 
hages from the kidneys. ‘These phenomena 
presented themselves in an almost unin- 
terrupted link, attended by remissions and 
exacerbations. It is a fever peculiar to the 
United States.’ 

A malignant malarial fever following repeated 
attacks of intermittent, characterised by 
intense nausea and vomiting, very rapid and 
complete jaundiced condition of the surface 
as Well as most of the internal organs of the 
body, an impacted gall bladder, and hemorr- 
hages from the kidneys. 

These phenomena present themselves in an 
almost uninterrupted connection, attended 
by remissions and exacerbations : the disease 
is one peculiar to the Southern States. It 
has received various synonyms as_ Black 

| Jaundice ; Cachemia —Haemorrhagica ; 
Malignant Congestive Fever; —Icterode 
Pernicious Vever; Purpuraemia; Yellow 
Remittent; Yellow Disease; Canebrake 
| yellow Fever, ete. 


Greensboro ... .... Deaderick and Thompson (1916) state that 
‘in 1867, Dr. I. C. Osborn (1868, 1870), of 

Greensboro, Ala., observed ten cases, five of 

1867 which ended fatally, some with anuria and 

uremia. All the patients had been 

repeatedly attacked with malaria. A few 

1869 months later his son, Dr. J. D. Osborn (1869) 

read a paper before the Greensboro Medical 


Authority 


Deaderick and 
‘Thompson (1916). 
Michel (186g). 


American (1870). 


Michel (1869). 


Deaderick and 
Thompson (tg16). 
Osborn (1868). 
Osborn (1869). 
Osborn (1870). 


| 
— 


ALABAMA—vcontinued, 


Locality and Date 


Greensboro—continued 


Selma 
1870 
Camden 
1374 
Camden 


eee 


| 


eee 


Society, from which it is evident that the 
disease was becoming more prevalent and 
that the country people were regarding it as 
vellow fever.’ 


Deaderick and ‘Thompson (1916) state that 


Dr. A. G. Mabry, in a report of a case of 
intermitting icterode haematuric fever... . 
in 1870, says, ‘ It is a mistake to suppose that 
this is a new form of disease. More than 
twenty-five years ago I treated in the vicinity 
of Selma, cases of intermitting fever pre- 
senting in a marked degree all the symptoms 
characteristic of these cases at the present 
dav.’ 


Deaderick and ‘Thompson (1916) state that 


‘Dr. MeDaniel, of Camden, Alabama, 
described hemoglobinuric fever in 1874, and 
says, ‘* In calling up my own reminiscences, | 
am sure that I have occasionally, ever since 
my boyhood, seen isolated cases of what was 
considered intense bilious fever, with the 
surfaces and under tissues stained deeply 
yellow and with the urine deep red. ‘They 
were nearly all fatal and were called in older 
phrase, ‘‘ * bilious congestive,”’’ and in more 
recent pernicious bilious.”’’ have also 
but more rarely known groups of similar 
cases associated, say three or four cases 
occurring on the same premises or in the 
same family, about the same time. All such 
cases in addition to the deep so-called bilious 
colour and the red urine, had jactitation, 
suspirous breathing, inordinate thirst and 
vomiting of various shaded and tinted so- 
called bilious matters. By diligently 
enquiring I have ascertained that very many 
old physicians. some of whom have now 
retired from practice, are satisfied that they 
have observed similar cases, sometimes singly 
and sometimes in groups.” ’ 


All the eighteen cases . . . . were of the type 


referred to in Dr. James ‘Tyson’s paper as 
malignant haematuria, called in Alabama, 
hemorrhagic malarial fever, and occurred in 
the writer’s practice from 1867-1882 
inclusive.’ 


I now present a table of 178 cases of 


hemorrhagic malarial fever made up of : 
25 cases seen by myself... . 
33 reported by Dr. Webb, of Livingston, 
Ala. 
22 reported by Dr. Saml. Perry, of Marion, 
Ala. 
46 reported by Dr. Jackson, of Greene Co., 


Authority 


Deaderick and 
Thompson (1916). 

Mabry (1872). 

Mabry (1870). 


Deaderick and 
Thompson (1916). 
MecDamiel (1874). 


McDaniel (1883). 


: 
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ALABAMA-—continued, 


Locality and Date 


Camden—continued 


Falkland... 


Livingston ... 


Lowndes County... 


Sumter County 


Analysis of 33 cases. 


457 


Cases Authority 


11 reported by Dr. Webb, of Greene Co., 
Ala. 
41 reported by Dr. Minor, of Greene Co., 
Ala. 
Of these 178 cases : 
85 took quinine {as part of the treat- 
ment). 
93 did not take quinine (as part of the 
treatment). 
Of the 85 cases with quinine : 
35 or 41 per cent. died. 
Of the 93 cases without quinine : 
16 or 18 per cent. died. 


A statement of 41 cases (1865-1883) Minor (1883). 


Webb (1883). 


‘In my account of the epidemic fever which Cochrane (1854). 
prevailed in 1883, in Brewton, a small town 
in Escambia County, Alabama, I have stated 
in some detail the problem of differential Cochrane (1885)a. 
diagnosis which had to be solved there. I 
had for many years been familiar with yellow 
fever and to me it seemed perfectly clear 
that the fever at Brewton was yellow fever. 
‘The physicians at Brewton had been for 
many years familiar with haemorrhagic 
malarial fever and they asserted with 
persistent emphasis that the Brewton fever 
was haemorrhagic malarial fever. . . .” 
‘In the fall of 1884 it came to mv knowledge 
that cases of haemorrhagic malarial tever 
were recurring several counties of 


Alabama... .’ 


.. ‘As the result of this effort I obtained: 
(1) Clinical reports of three cases, two from 
Dr. S. Hopping, of Letohatchie, in Lowndes 
County, Alabama, and one from Dr. R. D. 

... Webb, of Livingston, in Sumter County, 
Alabama, which I gladly include in my 
paper; (2) Several specimens of the charac- 
teristic red urine... .’ 

‘My collection of cases numbers six hundred 
and forty-two (642)—four hundred and 
eighty-four recoveries (484) and one 
hundred and _ fifty-eight (158) deaths.’ 
(Forty-four replies were received in , 
response to one thousand letters issued 
among the physicians of Alabama). 

‘The percentage of deaths to cases, therefore, 
is 24.66; or, in round numbers, one-fourth 
of the cases died, and three-fourths of them 
recovered.’ 

| § Black Vomit.—1 took a great deal of trouble to 
secure full accounts of black-vomit cases ; | 


| 


ALABAMA— continued, 


Locality and Date Cases | Authority 


Sumter County —continued | but out of the six hundred and forty-two 
cases reported, only fourteen presented this 
symptom and in only three cases is the black 
vomit reported to have resembled coffee 
grounds. It is a curious fact, too, that those 
of my correspondents who have practised in 
the most intensely malarial sections of the 
State, and who have seen the largest number 
of cases of the most malignant types, have | 
not seen black-vomit cases at all; and some 
of them distinctly take the position that the 
so-called black vomit of haemorrhagic 
malarial fever is always altered bile and not 
like the black vomit of yellow fever, altered 
blood.’ 

‘The Red Urine—.... 1 consider that 

Dr. Sternberg’s researches have definitely 

settled this question . . . .—the fact, namely, 

that the red or dark discoloration of the 

urine is due to the presence, not of blood, 

but of the blood pigments and especially 

haemoglobin—is also fully established for 
the haemorrhagic malarial fever of Alabama.’ 


Selma 


1885... . This young man had had many 
| attacks of this dangerous malady since child- 
| hood, this being the third attack since 
| August last, 1885. He was one of those in 
whom quinine always caused ‘“ hemorrhage 
from the kidneys” (?). Therefore I had 
never been able to use the bark 
derivatives. . . . His was thoroughly a case | 
of malaria! cachexy : he had a spleen as large 
as a peck measure, hard, sore and extending 
down to the crest of the left ilium and to the 
| the right of navel.” 

| ‘I have seen four cases where no quinine was | Du Bose (1899). 
| taken prior to the hemorrhage... . ‘Ten 


‘ About 1.30 o’clock on the morning of Dec. 15, | Riggs (1886). 
{ 


successive cases without a death.’ 


General... on .... Hare (1892) records that ‘ In six hundred and | Hare (1892). 
forty-two cases collected by Jerome 
| Cochrane, health officer of Alabama, from 
| different practitioners, there were one 
| hundred and fifty-eight deaths, the death- 
| rate being about twenty-five per cent... .’ 
| ‘Dr. T. W. Ayres, of Jacksonville, Ala., calls my 

attention to the fact that the Report of the 

State Board of Health of Alabama, shows 

that in 1887, 1888, and 1889, there were | 

_  thirtv-nine deaths from malarial haematuria, 

| of which twenty-five were males and | 

fourteen females. And he also records that, 
of one hundred and eight cases, seventy-three 
were males and thirty-five females.’ 


: 45 8 
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Locality and Date | Cases 


| 


Authority 


Union Springs in ... ‘ Twenty-five years ago the so-called hemorr- 
hagic fever or malarial hematuria was one of 
the most frequent and fearful diseases in this 
county, but since then it has been gradually 
disappearing until it is one of the rarest 
diseases. So far as I can learn, there have 

| been only two or three cases in the county 

within the past eight years. | have had the 
good fortune to have seen only four cases, all 
| of which occurred nine years ago—-during my 
first year of practice.’ 
_‘Haemorrhagic malarial fever as a distinct 
disease was unknown to the physicians of 
1867 _ Alabama prior to 1867. ‘True enough, there 
' were, scattered here and there, a few cases at 

a much earlier date, but it was regarded by 
the physicians of that day as a malignant 
form of malarial fever. It did not attract 
much attention until the year 1867, or 
perhaps a little earlier, when it prevailed to 
an alarming extent along the water courses of 
the Southern States. Almost every com- 
munity within the area was afflicted with the 
terrible scourge.’ 


ackson 7 (1920-4) 


Montgomery 2 (1923-4) 
‘In 1922 was in Southern Alabama... . and 
we heard of no cases of blackwater.’ 


Harris (1904). 


“way \ 
Brockway (1912). 


Barber (1926). 


ARKANSAS. 
Locality and Date | Cases Authority 
Fort Smith ... “ee ... Deaderick and ‘Thompson (1916) state that: Deaderick and 
‘In Arkansas, hemoglobinuric fever was first | Thompson (1916). 
recorded by Dr. E. R. Du Val, of Fort Smith, | 
in a paper read before the State Society, in | Du Val (1871). 
1871 1871. He believed the case he recorded to 
be the first to occur in the State.’ 
Monroe County... ... Deaderick and Thompson (1916) state that, ‘In | Deaderick and 
1880, Dr. G. B. Malone, in Monroe County, | Thompson (1916). 
Arkansas, reported 155 cases met in his | Malone (1880) and 
practice.’ (1881). 
South-West Arkansas ... ‘In 1873, I commenced the practice in South- | Weathers (1886). 
' 1873 West Arkansas, a very sickly, malarious 
country, and so as chills were common, I 
found that this disease was only the result of 


aggravated chills or protracted cases of 

malarial poison. ‘the doctors had never 

cured a single case... . Well, I cured that 

year eight out of nine on this same experi- 
mental treatment.’ 
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ARKANSAS—continued. 


Locality and Date Cases Authority 


Wallaceburg ik ms 2 cases (brother and sister) (1885) Stamps (1886). 


Batesville ... ‘Haemorrhagic malarial fever. It is always Lawrence (1887). 
considered dangerous. I have never seen a | 
case of it in the infant, and very seldom do we 
see a case in our part of the State, either in 
the adults or the children, however, occasion- 
ally in both.’ 


Wallaceburg nk ... ‘The majority of the cases that prove fatal | Stamps (1888). | 
occur in rural districts, where autopsies are 
looked upon as unpardonable intrusions upon 


the dead.’ 


General... sin ... ‘A resident of Arkansas for the past five years, | Woldert (1895). 
the latter two having been spent on the banks 
of the Red River.’ 


Camden... = ..» ‘The mortality from this disease is not so heavy | Meek (1897). 
as it was twenty years ago, and at that time | 
it was treated almost exclusively by massive 
doses of quinine.’ | 


Snyder eae int ... ‘The disease is quite common in the swamp | Roop (1899). 
countries of this State, where the pernicious | 
forms of malaria are most prevalent.’ | 

Ir cases, 1 death (Feb., 1898-March, 1899) 


. Deckerville ... pe ... ‘Out of 16 cases seen by me, 13 were males and | Burns (1900). 

> 3 females, the oldest being 38 and the 
youngest 5 years of age. Dr. McElroy, of 
Stoval, Miss., shows a record of 40 cases, of 
these, there were 30 males and to 
females. ... Of my 16 cases, 3 were very 
light mulattoes ; of Dr. McElroy’s 40 cases, 13 
were negroes, 2 of which, he writes to me, | 
were full-blooded negroes.’ 


Marianna ... 4 (1907) Deaderick (1908). 


Hot Springs a ... ‘Twenty-seven cases were seen in rural Deaderick (1914). 

residents, and seven in townspeople. .. . 

All, without exception, had suffered 

previously with malaria, most of them | 

repeatedly. ... In thirty cases, quinine | 

was being taken for malaria when the out- | 

break occurred. In four cases quinine could © 

be absolutely excluded.’ 


Eastern Arkansas ... .». Deaderick, in Deaderick and Thompson (1916) | Deaderick and 
states that, ‘It is probably becoming less | Thompson (1916). 
frequent in some of the Southern States, 
judging from my experience in Eastern | 
Arkansas.’ | | 


| 
| 
| 
: | 
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ARKANSAS—continued. 


Locality and Date 


Authority 


| 
Cases 


St. Francis River Bottoms Dr. E. 


CALIFORNIA. 


Locality and Date 


Sacramento ... 


COLORADO, 


Locality and Date 


La Grange 


1868-9 


Denver 


FLORIDA, 


Locality and Date 


General 


we) ‘We very rarely have cases of malarial | Briggs (1909). 


eee 2 cases. 


G. Fulton, Iberia: ‘“ In the | Wright (1917). 
| summer of 1906, as an under-graduate, I 

went over into the St. Francis River Bottoms | 

in Ark., got as far from the rail-road as 

possible, and started in to practice medicine. 

I had only been practising about two weeks 

and thought I was getting along fine, when 

I was called to see a case of black-water | 

fever.’ 


Cases Authority 


haematuria here.’ 


Cases Authority 


‘In our own country, malarial fevers, mild and MeLaughlin (1go4). 


severe, have prevailed since the first settle- 
ment and quinine has been extensively used 
in the treatment. But malarial haematuria 
is a comparatively recent disease. It was not 
known, or but rarely met with, until since 
the close of the Civil War. I saw the disease 
soon after its first appearance in the settle- 
ments along the Colorado river, near La 
Grange, in the years of 1868-9. . . .’ 


Brasher (1899). 


Cases Authority 


Stubbert (1886). 


‘From a rather extended experience with the 
disease in question, in the State of Florida, I 
am prepared to say that a/l cases are amenable 
to treatment by quinine, if such treatment be 
entered upon within thirty-siv hours of the 
onset... . It occurs only in those persons 
who have been for a long time subjected to 
slow malarial infection without the proper 
administration of quinine .. . some 
superficial observers have named the disease 

| “highland yellow fever.” The distressing 
symptoms are haematuria, intense nausea and 
black vomit, extreme thirst, frequently 
repeated chills of a congestive character, and, 
at times, sinking turns amounting almost to 


| 
| 
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FLortpa—continued. 


Locality and Date 


Cases 


Authority 


General—continued 


General 
1853 

Leesburgh ... 

Grenville... 

General 


GEORGIA. 


Locality and Date 


syncope. ... Dr. Maxwell has met with 
equally good results and in a large number of 
cases... . The position taken by some, 
that “pure blood” is passed from the 
kidneys, seems to me untenable... . Is it 
not more reasonable to suppose that the 
evacuations are urine coloured by the 
colouring matter of the red corpuscles... 


‘G. Troup Maxwell, of Ocala, Florida, writes 
me, in 1883, that he first observed cases in | 
Florida thirty years ago, and published an | 
article on the disease in. . . . 1860.’ 

[The possibility of confusion with paroxysmal | 
haemoglobinuria in early cases and others 
should be borne in mind.| 


‘ This disease is getting to be a very common 
occurrence in Florida, Georgia, and the 
Mississippi bottoms. ... Hemorrhagic fever 
attacks those who have previously had some 
form of malarial fever... Records cases. 


‘In a number of cases that I have seen I have 
been firmly convinced that the agent which 
wrought such terrific destruction with the | 
blood elements was not the parasite itself, — 
but some toxin, the existence of which 
depended either on the assistance or presence 
ot the Plasmodium.’ 


‘ Finds that nephritis is present in all cases and | 
influences the treatment.’ | 


Cases 


Tyson (1886). 


| Maxwell (1860). 


Bush (1896). 


Greene (1905). 


Ross (1916). 


Authority 


Dalton 


| Malarial haematuria.—A uniaue case of this 


disease is recorded by Chas. P. Gordon, 
M.D., Dalton, Ga., in the July number of the 
Atlanta Medical and Surgical Fournal.. . 

‘As there are in congestive fever the cerebral, 
thoracic and abdominal varieties, he would 
add another, the renal variety, in which the 
congestive tendency is to the kidneys, with 
all the pernicious results following malarial 
haematuria.’ (p. 418). 


Gordon (1872). 


| 
| 
| 
} 
| | 
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GrorciA— continued. 


Locality and Date 


Americus... 


Albany 


Americus... 


Macon 


Albany 


General 


Colquitt County 


Mitchell County 


Leesburg... 


Lee County 


Cases 


Haemorrhagic malarial fever—At a recent 


meeting of the Atlanta Academy of 
Medicine, Dr. Cooper, of Americus, Georgia 
(Atlanta Med. and Surg. Fourn.), called 
attention to the value of large doses of the 
tincture of chloride of iron in the treatment 
of this variety of fever. Quinine seemed to 
be of little use in this disease. (p. 187). 


‘ Hemorrhagic malarial fever.—.... He also 


remarks as a peculiarity of the disease, that 
its ravages have been almost exclusively con- 
fined to what is regarded as the healthiest 
portion of the country—the pine woods.’ 


(p- 396). 


Deaderick and Thompson (1916) state that, 


‘ the affection was first reported in Georgia, 
by Dr. W. A. Greene, of Americus, in 1872.’ 


‘Concludes . .. . that this disease is purely | 


malarial.’ (p. 140). 


‘ My attention was first called to this disease in 


the summer of 1884, by having a specimen of 
urine referred to me for analysis.... I 
received many specimens (more from 
Dr. Hillsman, of Albany, Georgia, than 
from anyone else. . . .’) 


‘W. Shropshire reports two cases.... In one 


instance, quinine in moderate doses had been 
used in a severe case of malaria, and blood 
began to be passed in the urine... . 
Another similar case is offered to show that 
during the administration of moderate doses 
of quinine, hemoglobinuria may develop.’ 


‘A county health officer of an adjoining 


county, Colquitt, told me that in 1920 
about 25 cases of blackwater had been 
reported in his county.’ 


‘My own observation is rather meager: in 


1921 I knew of one case in Mitchell County.’ 


‘One of the local physicians in Leesburg, 


Georgia, claims to have treated blackwater 
fever, with very good results, by the 
administration of antistreptococcic serum.’ 


‘In Lee County, Georgia, the former head- 


quarters of this station (station for field 
studies in malaria) we were located in an 
area in which the endemicity was normally 
not high, but which is subject to severe 
visitations of epidemic malaria, at which 
time cases of blackwater fever were not 
uncommon.’ 


Authority 


Cooper (1872) ?. 


Cromwell (1872). 


Deaderick and 
‘Thompson (1916). 
Greene (1872). 


McHatton (1884 
and 1885-86). 


McHatton (1891). 


Shropshire (1g01). 


Barber (1926). 


Boyd (1926). 


Boyd (1926). 


| 
| 


ILLINOIs. 


Locality and Date 


Elgin 


Wetaug 


KENTUCKY. 


Cases 


Authority 


..., “W. ML, male, age 25, recently from a malarial 


Locality and Date 


region of Kentucky and for years a victim of 
that disease... . Dr. Bell was called and 
found the patient in a delirious state, 
temperature 104°... . The Doctor pre- 
scribed quinine in large doses frequently, 
sponge baths and opium asa sedative. I was 
called a few hours later and found that the 
patient had passed a very large quantity of 
sanguineous urine.... he became very 
much jaundiced, the entire body being of an 
intensely lemon yellow colour.’ 


Malarial hematurita.—VDr. 1. M. Winsted, of 


Wetaug, read this paper... . The author 
narrated ten typical cases of the malignant 
type of the disease.’ 


Cases 


Gahagan (1895). 


Proceedings (1902). 


Authority 


Feflerson County 


Louisville 


LovulIsIANA. 


‘In a practice above the average country 


practice around Lacona, Jefferson County, 
Ky., mostly in the first bottom of the Ohio 
River, extending through all the years, from 
1847 to and through 1875, I have met with 
nine cases of malarial hematuria; had one 
death... . I met with no case unless one- 
half to three-fourths of the population were 
the subjects of malarial diseases, nor did ever 
more than one case in a single year occur 


with me, until the one that has passed, when | 


I met with four.’ 


via ... Askenstedt, of Louisville, contributes a paper 


Locality and Date 


New Orleans 
1859 


(presumably in reference to blackwater in 
Kentucky). 


Cases 


... Deaderick and Thompson (1916) state that, 


‘Faget treated the disease as early as 1859, 
and states that the cases with hematuria and 
hematemesis had frequently been seen in 
New Orleans and been mistaken for yellow 
fever. Inasmuch as Faget considered hema- 
temesis a common symptom of hemoglo- 
binuric fever, it is possible that he himself 
confounded the two diseases in some 
instances.’ 


Foss (1876). 


_ Askenstedt (1912). 


Authority 


Deaderick and 
Thompson (1916), 


Faget (1869). 
Faget (1870). 


| 
| 
| 
| 
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LovuIsIANA—continued. 


Locality and Date | Cases 


Authority 


Monroe... is ... Deaderick and Thompson (1916) state that, ‘ In 
the United States hemoglobinuric fever was 
first described by Dr. J. C. Cummings, of 

1859 Monroe, Louisiana, in 1859. He reported 
six cases and refers to numerous cases during 
the previous season.’ 


Opelousas... “Billy Fox, aged thirteen years, had several 


paroxysms of chills and fevers. Quinine was | 


prescribed by the parents on two occasions, 


which was followed immediately (both times) | 


by haemorrhage from the mucous membrane | 


of the urinary organs. I was called (August, 


1867 1867) to see the boy and.... I prescribed | 


ten grains of quinine to be divided in three 


doses, and to be given next day... . An. 


hour after the third dose had _ been 
administered, the patient had a_ profuse 
haemorrhage from the urinary passages. My 
little patient was removed to Opelousas. . . . 
An eminent physician of that town was 
called in... . and again quinine was 
prescribed and administered, and followed 
by the same kind of haemorrhage.... The 
boy is again under my treatment, suffering 
with chills and fever (tertian). Two weeks 
ago, his father prescribed and administered 


three or four doses of an infusion of cinchona | 


and Virginia snakeroot, which was followed 
by haemorrhage of same organs. It has been 
my misfortune to have had another similar 


case last fall. ‘To a little girl, seven years | 


| old, quinine was administered in different 
ways, but was invariably followed by 
haemorrhage of the urinary passages.’ 
| 
New Orleans ie ...| “Two cases of what he calls “ malarial haemorr- 
|  hagic fever’ in one of which he says, “‘ the 
urine was loaded with albumen and showed, 
under the microscope, abundant blood 


corpuscles ” and in the other, that the urine 
was “‘ loaded with blood.” ’ 


Iberville Parish... .... ‘One of the complications which is beginning | 
' to be quite common in this section is | 
haematuria.’ 

Baton Rouge is ...| ‘It was my fortune, early in my medical career, 


' to become familiar with this most terrible | 
| disease, both in its mild and most virulent | 


forms.’ 


of malarial origin.’ 


‘It is emphatically an hepatic and blood disease | 


Deaderick and 
Thompson (1916), 
. 220. 
Cummings (1859- 


60). 


Cachere (1869). 


Bemiss (? prior to 
1885). 
Journal (1885). 


Owen (1885). 


Day (1886). 


te 
: 
: 
te 
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Locality and Date 


Cases 


Authority 


General 


Lake Charles 


Ruddock 


Raccouret 


General 


Houma 


General 


Angola 


Alonree 


1856 


all cases of haematuria.’ 


entirely.’ 


were white (seventeen men and_ three 
one boy, one woman).’ 


‘ Of all the diseases with which the practitioner 
in the Mississippi Delta has to contend, for 
fatality none is equal to malarial haematuria. 
With a mortality of fully fifty per cent., it is 
not a matter of surprise that it is held in 
dread fear by the inhabitants of the region in 
which it prevails. . . .’ 

‘ Histories of my first four cases. . . 


‘ Ouinine as a specific in malarial haematuria.— 


meeting of the Louisiana State Medical 
Society, on the subject of quinine in 


worst type of haematuria.’ 


a ‘] have treated some two hundred cases, and 
have never seen a case but that had taken, in | 
some form, a dose of quinine, while the | 
system was suffering from a chronic malarial | 


toxaemia.’ 


‘ Gives certain facts of his experience as regards 
malarial hematuria in a swampy, wooded 
region in Louisiana. . .. Quinine hemo- 
globinuria is also briefly mentioned. The 
parasite in the patient is the primary cause ; 
quinine only acts as the provoking agent.’ 


...| * The patient had lived in a malarial district for 


| the past six months ; since September, 1915, 
) at Angola, La., and before that time, near 
Jackson, Miss.’ 


1 cases (1915-16) 
* Discussion on the paper of Dr. Wright.’ 
Dr. Leon ‘T. Menville, Houma: ‘ According 


‘My experience with malarial hematuria in 
private practice has been limited to nine | 
cases, three of which died, six recovering © 


‘Out of thirty cases treated by me, twenty | 


women) and ten were negroes (eight men, | 


haematuria, and reported four cases of the | 


to the latest medical history, a doctor from | 


_ Monroe, in 1856, was the first physician in 
, the United States to report a case of black- 
water fever... .’ 


Ballard (1899). 


‘From her swamps and bayous we draw our — 
greater share of cases of typical malaria and | 


Watkins (1901). 


M’ Kay (1902). 


Rigney (1895). 


Miller (1899). | 
Dr. L. G. Le Beuf read a paper at the last | 


Menville (1901). 


Lerch (1go1). 


Ott (1916). 


Wright (1917). 


| 
| | 
| | 
| 
| | 
| 
| 
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| 
| 
: | 
| 
|| 
| 


467 


LouIstANA—continued, 


Locality and Date Cases Authority 


Le Roy... « «| Dr. J. T. Abshire, Le Roy: ‘.... We had 
plenty of it in my parish in years gone by.’ 


Shreveport ... ee .... Dr. G. C. Chandler, Shreveport : ‘ During the 
first year of my practice I had an unlucky | 
number of cases of blackwater fever, that is, 
thirteen.’ 


Arcadia... eas ... ‘At Columbia, on the Ouachita river, where ‘Thornhill (1921). 
the first ten years of my _ professional 
experience was acquired, I saw a great deal of 
this disease in its most typical and malignant 
form.’ Describes two cases: ‘ There seems 
to be a growing belief in some sections that 
there is a certain causal relation between 
quinine and hemoglobinuria. . . . On the 
Ouachita river... there was a deeply- 
rooted belief among the laity, that quinine 
would produce the disease; with some it 
amounted to a morbid fear and the 
knowledge that they were taking the drug 
during an attack, added greatly to the gravity 
of the prognosis. JI have seen a number of 
cases myself, in which the attack developed 
soon after taking large quantities of 
quinine. ... I have never seen a case of 
malarial hemoglobinuria in a person who did 
not give a history of previous attacks of 
malaria, or was profoundly under the 
influence of quinine at the time of the 
attack.” (Note: the paper was written in 


1903:) 
MississipPt. 
and Date Cases Authority 
Holmes County... ...| ‘ Twenty-six years here in a miasmatic region ‘Thornton (1886). 


(the heart of the Yazoo Valley)... It is 
generally those that have had intermittent 
fevers for some time and neglected these 
that have or are most liable to have malarial 
haematuria and among the first symptoms 
are the incessant vomiting of bilious matter 
and the sudden discolouration of the skin, 
frequently in six hours after the onset of the 
attack, and the intense yellow muddy 
appearance of the eyes, while the urine is 
loaded with bile and hemorrhage soon 
appears, sometimes almost entirely blood 
and in large quantity.’ 


| 


MisstsstppI—continued. 


Locality and Date 


Cases 


| 


Authority 


Trinity 


Natchez 


General 


Kenott 


General 


Stovall 


Rosedale 


Mississippi Valley ... 


Clarksdale, Friar’s Point, 
Hillhouse, Tutztler 


| 


‘The mortality in my own cases, only six in 
number, amounted to fifty per cent.’ 


... ‘ Now, as to the treatment of haematuria when 
found, use ergot in half-drachm doses 


every three or four hours, and strychnine 
hypodermically in full doses... I have 
treated cight cases thus or about as 
indicated, with no deaths.’ 


‘ The editor of the fournal can find any number 
of such cases in the Mississippi Valley, 
providing he has money to induce a subject 
to take a dose of quinine; they generally 
take arsenic.’ 


*Malarial haemoglobinuria (IL call it sv to 
prevent confusion with haematuria) as it 
prevails in this section (the Mississippt Yazoo 
Delta) is always a grave disease, the 


mortality, as I have observed, falling but 


little below fifty per cent.’ 


‘Malarial hematuria, as its name implies, 


prevails throughout the whole Southern | 
country, especially in all localities abounding | 
in lakes, swamps, stagnant water-courses, © 


etc. 


... ‘I have observed more than fifty cases of this 


disease, and in 1g cases have made repeated — 


blood examinations. In only 5 of these have 
parasites been present, estivo-autumnal in 4, 


and double tertian in 1. The malarial | 
nature of the remaining 14 was demon- | 
strated by the leucocytic variation and pig- | 


mentation characteristic of malaria.’ 


1 (1901) 
I (1g02) 


Deaderick and Thompson (1916) state that : 
‘Fifty cases observed by McElroy (1905) 
were distributed as follows : ‘Two in the first 
year of residence, three in the second, six 
between the second and the fifth, twenty- 


Hamilton (1891). 


Ballard (1899). 


Anon (1899). 


Jones (1892). 


Jones (1894). 


McElroy (1903). 


Sutherland (1903). 


three between the fifth and tenth, eleven | 
between the tenth and twentieth, and five | 


after twenty years.’ p. 232. 


‘From 1889 to 1895, we (Dr. E. H. Marten, of 


Clarksdale, and Dr. Barton, of Hillhouse) | 


treated sixty-eight cases without quinine, 
and without a single death.’ 


| Dr. W. H. Harrison, of Tutwiler, Miss., in 
reply to a letter, writes, ‘My experience is | 


against it (quinine), good and strong... . 


I am now actually afraid of it.’ 


Deaderick and 
Thompson (1916), 
McElroy (1905). 


Buck (1906). 


| 
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MississipPI—continued. 


Locality and Date Cases Authority 


‘The writer was called down in Faglebend, Kiger (1925). 
Miss., to see Roscoe Dunn (white), aged six | 
years, who had a malarial chill at 2 p.m. of | 
| Aug. 23rd, 1907, turned yellow as gold 
| within two hours, and had _ copious 


Eaglebend ... 


hemorrhages from his kidneys, with a 

temperature of 1064 degrees . The 
| writer was debarred from giving quinine to 
_ prevent a recurrence of the malarial chill at 
1o am. of August 24th, because the child’s 
parents claimed that they had lost two 
children, while living at Alexandria, La., by 
the family physician then giving the children | 
sulphate of quinine... .’ Describes another 
case and states that ‘Since that time the 
writer has had calls to cases of malarial 
hematuria. . Discussion. 


Delta Dro Scudder (Maversville): ‘1 
| remember, 25 years ago, that in every 
| medical meeting in this State there was a 
| paper on hematuria, but now it seems to have 
gone out of style. Iam from the Delta, and | 
| we see more of it there than you do in the 
| other portions of the State, and of course we 
| still regard it as an important disease. But | 
I am glad to say it is not as prevalent in the 
Delta as it used to be... . In some parts 
of Texas they call it Black Water Fever | 
because the urine is not red, but really is 


black.’ 


Leflore County .... During two seasons, 1925 and 1926, in Leflore Barber (1926). 

, County, in the delta region, we have heard ot 

no cases in this county.’ 
| ‘ The older physicians here (Greenwood) and in 

adjoining counties of the Mississippi delta, 
tell me that haematuria was abundant until 
about 1910, when it began to diminish with 
the marked diminution of malaria which took | 
place about that time. All agree that cases 
are now rare, several of them have not had a 
case for years.’ 


Missouri. 


Locality and Date Cases Authority 


St. Louis... ve ‘McLean reports a case of malarial hematuria McLean (1899). 
which he considers caused by the use of 
quinine in large doses.’ (Whether originating 
in Missouri is not. clear.) 
“A case under observation now in the City Richter (1913). 
hospital, convalescing from tropical malaria, 
exhibits not only an enormous amount of 
urobilin in the urine, but also, after precipi- 
tating the urobilin, a very large amount of | 
hemoglobin, though the urine, when passed, 
had a normal colour.’ (Interpretation 


doubtful.) 


Sh 
= 
wife 


New York. 


Locality and Date 
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Cases 


Authority 


Brooklyn 


General 


Nortu Caro.uina., 


Locality and Date 


... Locality of the case not stated. (Nature of 


case appears to be doubtful.) 


.. ‘Case of malarial haematuria with some peculiar 


features.—Dr. Andrew H. Smith read the 


history of the case (not reported)... . 


Dr. W. Gilman Thompson. . . . Certainly 
haematuria in malaria affections was rare in 
this part of the country.... Dr. A. 
Alexander Smith said that within three 
years he had seen a case of malarial haema- 
turia.... he had come originally from 


the South, where malaria was prevalent.’ 


Geiss (1900). 


Medical (1897). 


Cases 


Authority 


Edenton 


Edenton 


.. ‘From 15 to 25 years ago I am reliably 


informed that blackwater fever was very 
prevalent in this section of North-eastern 
North Carolina, but has probably for the past 
ten years been altogether extinct in the 
immediate vicinity of Edenton, although I 
have learned of one death during the past 
year at a point about 60 miles distant. In 
this area, which is adjacent to the Roanoke 
river in Northampton County, the older 
physicians tell me that blackwater fever was 
unknown prior to 1855, in which year the 
disease made its appearance.’ 


.... ‘Hemorrhagic malarial fever—Dr. W. A. B. 


Norcom . . . . expressed his opinion that 
the disease did not, as was claimed by some, 
appear for the first time a few years ago, but 
that it had long been recognised... . it 
either begins de novo or as the result of long or 
frequent attacks of intermittent fever... . 
It begins usually but not invariably with a 
chill of about two hours’ duration, attended 
with intense internal heat .... a severe 
nausea is experienced, which leads to 
vomiting, at first of food, then bile and then 
in bad cases, of blood—the latter sometimes 
resembling the black vomit. There is a 
sighing respiration, insomnia, great restless- 
ness, anxiety and an almost unquenchable 
thirst. . . . The skin assumes a yellowish, 
even a bronze colour... . The urine may 
simply contain large quantities of de- 
generated red-corpuscles, or in severe cases, 
blood and albumen... . 
he dies, either conscious and from asthenia, 
or unconscious from uraemia ; heart clot and 
cholesterinemia may also cause death.’ 


(p- 


In severe forms | 


Boyd (1926). 


Norcom (1874). 


} 
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Nortu 


Locality and Date Cases Authority 


General... an .... ‘He had received a letter from a doctor ina Medical (1897). 
town in North Carolina, asking if malarial 
haematuria was frequent in the vicinity of 
New York, and added that in his section it 
was very frequent, occurring in from 
fifteen to eighteen per cent. of all cases of 
malaria.’ 


Kinston... T have not considered malarial hema- | Parrott (1go1). 
turia because it is unquestionably a different 
disease from hemoglobinuria and is very | 
likely of an accidental origin (over-dosing , 
with quinine under certain conditions, etc.), | 
and liable to occur in almost any type of 
malaria, and doubtless sometimes com- 
plicates malarial hemoglobinuria.’ 


General... He quotes Surgeon-General IH]. R. Carter, as 
stating that, ‘In the absence of statistics, I 
can only say that there is much malaria in 
eastern North Carolina. ... In days not 
long gone by, there was a large amount of 
extremely severe malaria in this section, not 
less than there was in the Canal Zone, and 
there is from reports not a little now, 
especially blackwater fever and malaria of the 
cerebral type.’ 


Trask (1916). 


Onto. 


Locality and Date Cases Authority 


Cincinnati ... a ... ‘A white adult male, aged 40, with frequent Brown (1899). 
attacks of chills and fever for over a year 
previous to passage of blood in his urine, had 
taken quinine irregularly during that time, 
but had not taken any for several weeks | 
previous to his hematuria. Blood had _ 
appeared constantly in his urine for two | 
weeks previous to his coming under my 
observation, at times, he claims, almost pure 
| blood being passed... . Urinalysis : 
_ colour light amber, and reaction sp. gr. loro ; 
sediment reddish, amorphous and very | 
abundant albumin present and in con- 
siderable quantities.” (Whether blackwater 
or not seems uncertain.) 


‘ 


PENNSYLVANIA, 


Locality and Date 
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| 


Cases Authority 


General 


Philadelphia 


SoutH CAROLINA. 


‘ Of the seven cases which I have noted during Tyson (1883)a. 


fifteen years, five originated in Pennsylvania.’ 


Locality and Date 


An analysis of 1,780 cases from the Anders (1895). 
Pennsylvania hospital, the Episcopal hospital, 
and the Philadelphia hospital. There is no 
clear evidence of blackwater fever. 
Cases Authority 


| 


Georgetown 


1868 


"TENNESSEE. 


Locality and Date 


‘ The disease has been familiar to the profession Bailey (1883). 
of Georgetown only in the past fifteen | 
years... . The resemblance of this disease | 
to yellow fever is certainly in some cases very — 
striking, so much so, that it has been called 
“Swamp Yellow Fever,” but the symptoms | 
given above are sufficient to distinguish it.’ 

* Malarial hemoglobinuria or hemorrhagic fever | Sparkman (1g01). 
as it is called, is the result of profound 

malarial intoxication. .. .’ 

‘ The fall months seem to furnish many cases, 
yet it may occur at any season of the year; I 
have seen it in the midst of winter.’ 


Sparkman (1995). 


Authority 


Memphis... 


‘ By careful clinical study, by a large bedside Jones (1g00). 
experience assisted by competent patho- 
logists and microscopists, we have learned 
that it is the product, the sum total of 
neglected malaria—a malarial toxaemia... . 
This jaundice is so pronounced that the late 
Dr. Warren Stone, of New Orleans, denomi- 
nated hemoglobinuria as _pseudo-yellow 
fever... . ‘The Delta physicians, as well 
as the laity, have learned by experience that 
the administration of quinine with these 
conditions present, is fraught with danger 
frequently precipitating an attack... . 
Let me admonish you gentlemen... . not 
to journey....to South Africa to 
investigate the blackwater fever, but come 
South to the swamps of Arkansas, Mississippi, 
and Louisiana, where we have malaria in 
abundance and in all of its forms.’ 


: 
| 
— 
| 
| 
| 
| | 
| 
| 
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TENNESSEE—continued, 


Locality and Date Cases Authority 


Memphis—continued ‘I have seen thirteen consecutive recoveries | Krauss (1900). 
under the “eliminative’’ treatment; no 
such record can be shown under the quinine 
therapy. (Three more cases and no deaths 
at time of revision of this proof.) 
2 cases (1g00) ? | Cox (1900). 
‘Last summer, during my illness, there were Krauss (1903). 
admitted to St. Joseph’s hospital, 21 cases of 
malarial hemoglobinuria and all were treated 
with hypodermic injections of quinine ; two 
recovered. On the other hand, I have now 
an unbroken series of 21 cases without a 
death. The main point is, avoid cin- 
chonising these patients.’ 
* Quinine has no place in the therapy of malarial | Goltman (1904). 
methemoglobinuria or hematuria as it 1s 
called. ... glance at some kidney | 
sections in my possession will verify this 
statement. The uriniferous tubules are 
blocked with granular detritus, not blood- 
clots, as in the hemorrhagic cases.’ 
‘It must not be inferred that the so-called © McElroy (tg04). 
benign tertian infections are never associated 
with pernicious symptoms, as [ have seen 
both comatose paroxysms and  hemo- 
globinuria associated with these parasites.’ 


TEXAS. 


| 
Locality and Date | Cases Authority 
General... oie ... Deaderick and ‘Thompson (1916) state that, | Deaderick and 
‘Dr. H. C. Ghent (1868), of Port Sullivan, | ‘Thompson (1916). 
1866 Texas, in 1866, reported hemoglobinuric | Ghent (1868). 


fever endemic in parts of ‘Texas.’ 
‘ Dr. Ghent, of ‘Texas, had treated forty-seven | Cochrane (1885)o. 
cases, with five deaths.’ 
‘Dr. W. C. C. Stirling, of Weaver, ‘Texas, says Stirling (1889). 
in the Atlanta Med. and Surg. Fournal, April, 
1889, that hemorrhagic malarial fever is 
quite common in ‘Texas, on the creeks and 
rivers... . Drs. Louis and Lynch, of 
| Carroll’s Prairie, Texas, assert that quinine 
sometimes produces the hemorrhage. While 
admitting that they are old physicians and | 
have treated a great many cases, the author 
does not agree with them.’ 


San Facinto 1 (1890) Dock (1894). 


o 


Tyler, St. Louis, South- | Woldert (1895). 
western Railway Hospital 1 (1895 | Woldert (1896). 


my 


"Texas—continued. 


Locality and Date 


Cases 


Authority 


St. Louis, South-cwestern 
Railway Hospital of Tyler 


Galveston 


Texas and Louisiana 


Yoakum 


Tyler 


Colorado and Brazos 


Bottoms 
Columbus... 
Richmond ... 
Wharton ... 
VIRGINIA, 


Locality and Date 


‘Since the year ending June 30, 1893, there 
were five cases of malarial hemoglobinuria | 


admitted to the wards.’ 


‘A case of pernicious malarial fever of the 


| 
| 
| 


hematuric variety occurring in my service 


last summer.’ 


‘ Accordingly, 2,000 blanks for report of cases 


were mailed to the physicians of Southern 
and Eastern Texas and Louisiana, selecting 
localities where it was presumed the disease 
most prevailed. Of those requested, 81 
replied ; 40 of whom could not report cases, 
while 41 reported 173 cases, to which I added 
29 cases of my own, making a total of 202 
cases reported by 42 observers.’ 


24 (1902-9) 


‘In this view of the action of sulphate of 


quinine, J am sustained by most if not all the | 


physicians of my section of the country—viz., 


the Colorado and Brazos Bottoms (‘Texas). | 
It would be difficult to induce one of them to | 


administer quinine in malarial haematuria, 
even after the haemorrhage has_ been 
checked, for fear of reproducing _ it.’ 


‘ Dr. John H. Bowers, of Columbus, ‘Texas. ... 


stated to me that in his long experience, 
extending considerably more than _half-a- 
century, he had never seen a case of malarial 
haematuria in which sulphate of quinine had 
been administered but what the patient died, 
and that he did not recollect one in which it 
was withheld but that the patient recovered. 
The testimony of Dr. Gibson and 
Dr. Moore . . . . of Richmond, Texas, was 
to the same effect, as also was that of the late 
Dr. Gerard Alexander, of Wharton, ‘Texas.’ 


Cases 


Woldert (1898). 


West (1904). 


Shropshire (1903). 


Woldert (1912). 


Smith (1900). 


Authority 


Richmond ... 


‘ Many competent observers believe that in this 


fever, especiaily in the graver cases... . a 
disintegration or solution of the blood discs 
takes place, whereby the haematin is set free 
in the circulation ; it then finds an outlet 
through the kidneys.... Nitric acid failed 
to reveal its (bile) presence in the specimens 
(of urine) examined by him.’ (p. 311.) 


| Joynes (1877). 
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VIRGINIA—continued. 


Locality and Date Cases Authority 


chills” or haemorrhagic malarial fever, in 
North Carolina as Roanoke yellow fever, and | 
in Alabama, as the yellow disease, and is of | 
especial interest on account of its recent | 
origin, rapid results, and high rate of | 
mortality. ... The disease, on its first | 
appearance in Roanoke Valley, was at first 
supposed to be yellow fever and when, after- | 
ward, it was discovered to have a separate and | 
distinct individuality, the term Roanoke | 
was prefixed, to distinguish it from the true | 
yellow fever.’ 
(How many cases observed not stated.) 


Norfolk... ae ... * The disease is known in this state as “‘ yellow | Field (1899). 
| 
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Concerning the Acanthocephalous parasites of India very little 
is so far known, but lack of published records is no indication of 
scarcity of these parasites in our fauna. Within recent years some 
of them have been recorded and described from India and Burmah. 
Chandler (1925) was the first to bring to our notice a new species of 
Centrorhynchus from Calcutta. He was followed by Subramanian 
(1927 a, b, c), who dealt with a number of Burmese forms, and 
Thapar (1927) who created a new genus for a worm obtained by 
him from a Cyprinid fish at Lucknow. One of us (Datta, 1928) has 
also published an account of a new species, Echinorhynchus robustus, 
from the common crows of Allahabad. 

In the course of our parasitic survey we have collected a number 
of interesting Acanthocephala from different groups of hosts, and 
the present paper is the first of a series dealing with them. The initial 
study was restricted to fish species and two preliminary abstracts 
were submitted to the Indian Science Congress held in Calcutta, 
in January, 1928. One of these forms the subject of this com- 
munication and the other is being prepared for the press. 


ACANTHOSENTIS n.g. 


Diagnosis. Acanthocephala of small size, parasitic as adults 
in the alimentary canals of fishes. Proboscis short, cylindrical to 
globular, armed with three circles, each composed of six single- 
rooted hooks. Receptacle of proboscis cylindrical, with a single 
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muscular wall. Body bearing 20 to 31 rings of close-set spines with 
a basal plate, on anterior two-fifths of its length; anterior circles 
crowded, posterior gradually becoming more widely separated. No 
spines behind middle of body. Retraction of proboscis followed or 
accompanied by drawing in of anterior body. Subcuticula with 
branched and oval nuclei. Central nerve ganglion near base of 
proboscis sheath. Lemnisci slender, cylindrical, longer than the 
proboscis receptacle. Genital organs of male in posterior half of 
body cavity ; of female in posterior fourth or fifth. Testes ovoidal 
or ellipsoidal, contiguous, followed immediately by a rounded 
prostatic mass of syncitial nature, with from six to eight large 
nuclei. Ovary seen in very young specimens, as a small oval, 
near base of proboscis sheath. Uterus with six to eight short 
diverticula at commencement ; vagina narrow with two glands. 
Embryos elongated, enveloped with three concentric membranes. 


ACANTHOSENTIS ANTSPINUS n.sp. 


Description. The small siluroid fish Aorza (Macrones) gulio 
Giinther (= Pimelodus gulio Ham. Buch), found in abundance in 
the fish markets of Calcutta from April to October and, in lesser 
numbers, throughout the year, was heavily infected with this worm. 
Of go to 100 fishes dissected during the months of May, June, and 
July, 1927, and of about half as many examined in October, the 
same year, nearly 80 per cent. harboured this parasite in the intestine. 
The number in each host varies from a few to nearly one hundred. 
They generally abound in duodenum and small intestine, but are 
also often met with in stomach and large intestine. As usual they 
are firmly attached to the intestinal wall; but in some cases they 
were observed floating freely in the lumen of the gut. On removal 
to salt solution, these Acanthocephalans gradually straighten 
out and perform slow movements by contraction and expansion 
of the body, but appear incapable of moving in a definite direction 
even for a short distance. Their internal anatomy can be studied 
in life under pressure of a slide as the cuticle and body-wall are 
fairly transparent. The specimens are best fixed expanded after 
having been left overnight in normal salt solution, in cold storage. 
Flattened unstained mounts show the details of the spines and the 
internal musculature better than stained preparations. 
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The colour of the worms is white, semi-transparent, but the 
larger females have a brownish appearance owing to large numbers 
of brown eggs within them. 

The proboscis is short, cylindrical to globular, and is studded 
with strong recurved hooks of the shape and dimensions given in 
Text-fig. r and Table I. They are arranged in three circles of six 
hooks each. Each hook is provided with a stout undivided root 
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Text-Fic. 1. Acanthosentis antspinus, n.sp. Details of proboscis hooks 4.—Of basal circle; 
B.—Of middle circle; C.—Of terminal circle. 


I. 


Size of proboscis hooks in terms of ju 


| 
Length of Breadth of Length of | Breadth of 

free portion free portion root | root 

Terminal circle... 72°9 16°06 42°0 | 13°0 

Middle circle... 54°0 13°2 36°0 | 

Basal circle 48-0 12°0 25°0 | 
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firmly implanted in the proboscis wall and bears an inconspicuous 
knob-like projection, at the anterior angle, near the commence- 
ment of the free portion. 

The neck is completely wanting, although a faint depression 
marks the junction of the proboscis and the body proper. 

The individuals vary in dimensions according to age, but average 
specimens, during life, measure in mm. as follows :— 


Length | Breadth 


Males ... = mm. or25-0°2 mm. 


Females 2°0-3°0 mm. | mm. 


The males, as a rule, are more slender and smaller than the 
females of the same age and the largest of them hardly exceed 
2 mm. in length, whereas the largest females attain a length of 
6 mm. or even slightly more. In Tables II and ITI are given relative 
measurements of male and female specimens, of different ages, 
respectively. The body is usually thickest about the middle, but in 
some individuals, in which the anterior end is drawn in, the broadest 
part is the anterior extremity [Pl. X, fig. 8 and Text-fig. 2, c.’.. The 
anterior two-fifths of the body are covered with 20 to 31 circular 
rows of minute, pointed spines with flat scaly bases or platelets 
having an irregular margin !PI. X, fig. 3} as in Quadrigyrus torquatus 
(Ortlepp, 1924). Of these a few of the anterior and posterior circles 
have a smaller number of spines, but the middle ones carry 80 to 
I00 spines in each ring. In some of the older worms the spines 
towards the ventral surface, in the last three to six rows, appeared 
to have dropped. The genital pore is subterminal and lies in 
a depression directed postero-ventrally. 

A thin cuticle forms the external covering of the body-wall. 
Underneath it les the thick hypodermis or subcuticula. The 
latter is traversed by a system of narrow canals forming the lacunar 
system of transverse vessels (seen clearly only in living specimens 
or in preparations of the body-wall) irregularly anastomising with 
one another and connected with a pair of indistinct longitudinal 
canals. A few large oval nuclei (Pl. X, fig. 5, 0.7.) are clearly 
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discernible, in some preparations, situated laterally behind the 
proboscis sheath: they may be present elsewhere also [Pl. XI, 
fig. 12, o.m.). There also occur in the subcuticula giant nuclei 
of the type described by Van Cleave (1921) in the genus Quadrigyrus. 
In whole mounts they are easily seen in two or three places along 
the dorsal and ventral sides of the animal arranged either singly 
(anteriorly) or in groups of three or more (posteriorly) [Pl]. XI, 
figs. 10, 12 and 13, 6.n.|.. On examining stained preparations of 
portions of body-wall similar but less prominent, and more branched, 
nuclei are met with in other places as well. We concur fully with 
Van Cleave (1928) in his interpretation of their nuclear nature, 
and agree with him that the doubt expressed by Baylis (1927) is 
unfounded. Internally to the hypodermis lies the narrow layer of 
longitudinal muscles followed by a layer of circular muscle fibres. 
The retraction of the proboscis (with or without inversion) and 
of its sheath inwards into the body-cavity is often accompanied 
or followed by a drawing in of the anterior end of the worm. The 
in-drawn body-wall forms a characteristic tubular structure, with 
a funnel-like opening, hanging in the body-cavity. This peculiarity 
causes an interesting disposition of the muscles of the interior of the 
animal, which was studied by observing the movements of living 
acanthocephala under pressure of a glass slide. The drawing in of 
the front part is brought about by means of a double set of retractor 
muscles | Text-fig. 2, b, 4 and 5| which spread out posteriorly, in fan- 
shaped manner, dividing the body cavity into three portions— 
a dorsal, a ventral, and a median—separated from one another 
only incompletely | Pl. XI, fig. 15, 7.6.]. Of the two sets of retractors 
the dorsal is more developed than the ventral and extends further 
posteriorly. The eversion of the drawn end is effected partly by 
the pressure exerted by the outer body-wall, partly by the relaxation 
of the retractors and partly by a protractor muscle |Text-fig. 2, b, 3). 
The proboscis is hollow and retractile; it can be withdrawn 
into its sheath or may remain outside it in the tubular indrawn 
body-portion. At first it passes medially, without inversion ; but 
in the fully retracted state, it gets inverted and is drawn, along with 
its receptacle, towards the dorsal side of the body-wall |Text- 
fig. 2, c]. The sheath of the proboscis has a single muscular wall 
with transverse muscle fibres strongly developed and is nearly 
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one and a half times longer than the proboscis. The invertors of 
the latter fill the interior of the sheath and are attached to its 
anterior tip [|Pl. X, fig. 1, 7p. and Text-fig. 2, c, 6]. In addition to 
these muscles confined within the receptacle, there pass out of its 
wall posteriorly two narrow but distinct retractors which run into 
the body-wall of the animal about the middle of its length. These 
draw the sheath into the interior of the body-cavity. The protrusion 
of the proboscis receptacle is the combined effect of the 


Text-Fic. 2. Camera lucida sketches of pressed specimens showing various stages in the retraction 
of the proboscis, its sheath and body end; 1 and 2.—Protractors and retractors of proboscis sheath 
respectively ;  3.—Protractor of body end drawn in; 4 and 5.—Its retractors; 6.—Invertor of 
proboscis. 


relaxation of its retractors, the pressure of the body-wall of the 
worm and the contraction of two protractor muscles |Text-fig. 
2, a, 1] which, arising from its hinder border, appear to run forwards 
on the side of the sheath opposite to that to which it is drawn in, 
namely towards the ventro-anterior end of the body. 

The central nervous system consists of a single ganglion situated 
within the muscular layer of the proboscis sac near the posterior 
end of it. In some preparations two main trunks, the retinaculi, 
are clearly seen arising from the nerve cell. After passing out of the 
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sheath they take an undulating forward course before turning 
backwards and becoming gradually indistinct. 

The lemnisci are as usual two and slightly longer than the 
proboscis sac. Each is provided with a single large nucleus placed 
posteriorly. 

The male genitalia consists of a pair of testes, vasa efferentia, 
vas deferens, seminal vesicle, prostatic mass, penis, and bursa. 
The two ellipsoidal or ovoidal testes, which are nearly equal in size 
in extremely young males, are unequal in maturing as well as adult 
individuals (for relative measurements see Table II). They lie 
closely apposed to each other just behind the middle of the body 
in the median line. An efferent duct arises from each and runs 
backwards before joining its fellow to form the vas deferens, at the 
commencement of which hes the globular seminal vesicle. The 
vas deferens is a fair-sized tube full of sperms in mature males. 
In some mounted specimens and in longitudinal sections the anterior 
portion of the vas deferens appears saccular and packed full of 
sperms. After a short, more or less straight, course backwards it 
narrows and terminates in a small muscular cone, the penis. The 
prostatic gland consists of a rounded, syncitial mass containing 
six to eight nuclei. It lies in close proximity of the hinder testis, 
partly overlapping the seminal vesicle. It communicates with 
a wide tube, the prostatic duct, lying alongside the vas deferens 
and opening into the base of the penis by a narrow opening. The 
penis projects into the cavity of the bursa, which is a bell-shaped 
cuticular structure with a frilled margin and a pair of sacs. The 
whole genitalia is covered by a thin membrane of connective tissue 
and is connected through the genital ligament with the base of the 
proboscis receptacle. 

The female genitalia consists of ovary, bell, uterus, ovejector, 
vagina, and vaginal glands. The ovary is visible as a tiny oval, 
just behind the proboscis sac, in preparations of very small females. 
At the termination of the post-larval stage it breaks up into packets 
of cells and hence cannot be seen in toto mounts of mature females. 
The ovarian packets of cells increase in number and size and, after 
rupturing the walls of the genital ligament, escape into the body- 
cavity in which they float about. Each of these egg masses is 
enveloped by a thin membrane and contains ova in various stages 
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Tasre If. 
Measurements of flattened, preserved male specimens. 
| 
I 
No. of specimen | ‘large, adult) (medium) (small, immature) 
| 
| mm. mm. mm. 
Total length of individual ... "7 o8 
Breadth— 
At anteriorend ... 0°38 O21 0-08 
In middle of body (maximum) ... 067 0°34 o18 
At posterior end ... 008 | 
Proboscis— 
Length... O17 0°07 | Oro4 
Proboscis sheath— 
Length _... 0°38 O25 O17 
Breadth... Or13 C07 O04 
| 
. 
LLemmisci— 
(straight) (curved) (contracted) 
Breadth... 0°07 0°05 | 0°04 
| | 
Indrawn body end— | 
Breadth ... 0.08 | — — 
Total length of genitalia... 1:7 0°63 0°38 
(excluding bursa) 
‘Pestes— 
Anterior, length... O47 0°25 008 
breadth O13 0°06 
Posterior, length ... 0°34 O17 0°06 
breadth | 0°32 
Prostatic mass— | 
Length | 0°07 
(developing) 
Seminal vesicle— | 
Length... O13 orl indistinct 
Bursa— | | 
| (indistinct) 
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of development. When the ova are fully developed they break 
away from the egg mass and fill the entire body. ‘The fertilisation 
is, as usual, internal and the embryo formation commences while 
the egg is still within the body of the mother. The fertilised eggs 
are characterised by the presence of three concentric enveloping 
membranes round the embryo which bears a tuft of spines towards 
the broader end. ‘The eggs are elongated [Pl. X, fig. 9} when ready 
to be laid and measure 264 by 8u. They are brownish in colour. 

The bell, or uterine bell as it is sometimes called, is a triangular 
funnel-like apparatus with a wide opening into the body-cavity. 
It is attached to the base of the proboscis sheath by means of the 
genital ligament [Pl. XI, fig. 10, gl.| which keeps it in position. 
At the posterior end of the bell, leading into the uterus, are given 
out a number of diverticula (six to eight) which allow only properly 
mature eggs to pass into the uterus. The less mature ones are 
returned into the body-cavity through a minute dorsal opening for 
further development. The uterus {Pl. XI, fig. 11, wé.| has thick 
flabby walls containing nucleated, flask-shaped glands. The uterus 
leads into the vagina through a muscular bulb, the ovejector, which 
appears to control the passage of eggs into the narrow vagina. The 
latter is long and the eggs generally pass through it in single file. 
The vagina terminates in the genital opening which lies at the 
base of a depression at the postero-ventral extremity of the worm. 
Outside the vaginal wall lie two single-nucleated, club-shaped 
glands which communicate with the vagina by a common pore 
close to its external aperture. They probably secrete a fluid which 
lubricates the genital opening. 

Systematic position of ACANTHOSENTIS n.g.:—So far only eight 
genera of adult Acanthocephala from fishes are known, in which 
both the proboscis as well as the body surfaces are armed. The 
present genus, which differs from them all, as will appear from the 
comparative Table IV, is the ninth. The first four of the genera 
mentioned in the above Table, on account of their long proboscis 
with numerous hooks, double-walled proboscis sheath and several 
prostatic gland cells—not forming a single syncitial mass—stand 
apart from the last five which agree together in possessing a short 
proboscis with a small number of hooks arranged in three or four 
rows, single-walled proboscis receptacle and a syncitial prostatic 
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Tasie III. 


Measurements of flattened, preserved female specimens. 


2 3 
No. of specimen (large, mature) ‘medium) (small, immature) 
| 
Total length of individual ... as 4°5 °5 | 0°85 
(proboscis everted) | (proboscis partly (proboscis inverted) 
indrawn) 
Breadth— 
Atanteriorend | org or2 
In middle of body (maximum) ... I'l 12 025 
At posterior end ... 0°08 
Proboscis— 
(just near) (in sheath) 
| 
Proboscis sheath—- | 
_ (near extremity) (in middle line) (lateral) 
Leminisci--- 
Length | twisted oly 
| 
Breadth... see] ol 003 } 
= Indrawn body cnd— | 
Total length of genitalia... | og O25 
| 
Bell-— | 
Breadth ... O25 | or2 
| 
| | 
Uterus— | 
Length ... O25 | 0°28 0°03 
| | | 
Vagina— | | 
Breadth... C05 0°05 ool 
Vaginal gland— | | 
(contracted) 
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mass with a few large nuclei, except Acanthogyrus in which it is 
double with two or more nuclei in each. The new genus, included 
in the latter group, is readily distinguished from the others by the 
number and arrangement of its proboscis hooks, by the structure 
of the prostate, by the structure and disposition of the body spines and 
by the character of its subcuticular nuclei. 

Southwell and Macfie (1925) placed the first three genera, 
namely, Rhadinorhynchus, Telosentis, and Serrasentis in the family 
RKhadinorhynchidae, sub-order Echinorhynchidea. For the fourth, 
Tegorhynchus, together with some others, they created a new family 
Corynosomidae under the same sub-order as Rhadinorhynchidae. 
Travassos (1926) has placed all the four together in the family 
Rhadinorhynchidae with two others: his system of classification 
does not erect orders and sub-orders, groups higher than the family. 
Thapar (1927) has taken a new line by disregarding the basis of 
previous classifications. He suggests the presence or absence of 
spines on the body and proboscis, and the single or double root of 
proboscis hooks as characters showing natural affinities. The > 
first of the above two characters have been incorporated in the 
previous systems referred to above, though in a different way ; but 
Thapar had not seen Travassos’s (1926) publication as there is no 
reference to it in his paper. The other character is a new suggestion 
worthy of consideration by future workers on the group. In the 
tentative scheme of classification proposed by this author the first 
six genera of Table IV are inserted in his new family Acanthogyridae, 
which includes a number of other genera as well, all characterised by 
possessing single-rooted proboscis hooks. The family is placed in 
his new order Acanthogyridea (class Acanthocephala), all members 
of which have cuticular spines on the body. According to this 
criterion the last three genera also fall in the same category, though 
Van Cleave (1928), apparently unaware of Thapar’s work, has 
erected a new family, Pallisentidae, for his two genera Pallisentis 
and Neosentis. Yhus Thapar has massed together forms differing 
from one another in important details of anatomy such as the size 
of proboscis, number and arrangement of hooks on it, the character 
of the wall of its receptacle, the location of the central nervous 
system and the nature of the prostate gland. 

It is not desirable on our part to suggest radical changes in the 
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existing systems (imperfect though they may appear) based on the 
direct study, however careful, of a few genera only. We therefore 
hope to revert to this subject later, after our more extensive survey 
of Indian types is completed, for it may throw illuminating light 
on the points at issue. With our present knowledge of the group, 
we consider it premature to give an isolated character (as the single 
or double root of hooks on the proboscis) predominance over 
a combination of no less important characteristics, in making it the 
basis of division into families. Moreover there exist types, like 
Acanthocephalus anguillae (Mill) (Lithe, 1911, page 14], in which 
the proboscis hooks have neither single nor double root, but are 
distinctly three-rooted (tri-radiate). In quite a number of other 
forms the roots show great variation in passing from one end or side 
of the proboscis to the other. A reptilian worm obtained by one 
of us (Verma), which will be described later, has the anterior hooks 
very complicated but the posterior ones extremely simple. 

For the present, therefore, adopting Travassos’s (1926) classifica- 
tion, we propose coupling our genus Acanthosentis with Quadrigyrus, 
with which it shows the closest affinity, into the sub-family 
OQuadrigyrinae (Van Cleave, 1920) of the family Neoechinorhynchidae 
(Travassos, 1917). According also to Southwell and Mactie’s scheme 
it will fall in with the same genus, but in the family Quadrigyridae 
of the sub-order Neoechinorhynchidae, order Acanthocephala. The 
family of Travassos is nearly equivalent to the sub-order of Southwell 
and Macfie, and his sub-family to the latter authors’ family. Turther, 
to avoid unnecessary multiplication of families for closely related 
forms, it would be better to include the genera Acanthogyrus, 
Pallisentis and Neosentis in the same family or sub-family with the 
above two genera, and to allow the families Acanthogyridae and 
Pallisentidae to merge into Quadrigyridae with the following 
emended definition :— 

Acanthocephala of small to medium size. Proboscis short, 
with few rows of simple rooted hooks. Body armed with spines 
arranged in one or two series of complete or incomplete rings or 
scattered or both. Receptacle of proboscis with single muscular 
wall. Brain at or near base of receptacle. Prostate a syncitial 
mass, rarely double, with few large nuclei. Nuclei of subcuticula 
oval or branched or both. Parasitic in fishes. 
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IV. 


Diagnostic characters of piscine genera of Acanthocephala, possessing armed proboscis and body. 


Proboscis Wall of Location 
Name of genus and proboscis of brain in 
its hooks receptacle receptacle 


Prostate Body spines 
gland 


Sub- 
cuticular 
nuclei 


Rhadinorhynchus Long: hooksnumerous, Double. Near middle 
Lithe, 1911 ventral stronger than 
dorsal. 


Tclosentis ... do. do. do, 
Van Cleave, 1920 


Seorrasenti Scare do, do. do. 
Van Cleave, 1923 


Troorbynchus Long: hooks numerous, do. At anterior 
Van Cleave, 1920 but symmetrical. end. 
Ouadrigyrus ..» Short: 4 circles of 5 Single. Near base. 
Van Cleave, 1921 each. 

Acanthogyrus Short: 3 circles of 8 do, At base. 
‘Thapar, 1927 each. 

Pallisentts ... ... Short : 4 circles of 6 do. Near base. 


Van Cleave, 1928 each. 


Neosentis ... ... Short: 4 circles of 8 do. At posterior 
Van Cleave, 1928 each. end. 

Acanthosentis _.... Short: 3 circles of 6 do. Near base. 
n.g., 1928 each. 


Not a single synci- Scattered, powerful ; 
tial mass. only on anterior part. 


do. Scattered ; on  pos- 


terior extremity only. 


do. A collar anteriorly, 
followed by 18 to 23 
ventral rows. 


do. | An uninterrupted man- 
(several cells, | tle from anterior end 
elongated) backwards ; none on 


posterior end. 


Compact, synci- In four circles ; on 
tial; nuclei few, anterior surface. 
large. 


Spherical double 19-20 circles anteriorly 
mass;nucleitwo followed by 20-21 
or more in each. paired lateral ones, 

to posterior end. 


Very long, synci- 6-9 rings anteriorly; 
tial ; nuclei few, 20-40 rings further 
large. back. 


Long, syncitial ; 5-6 circles anteriorly ; 
nuclei 16, large. 6-8 further back; 
scattered ones on 

anterior third. 


Compact, synci- 20-31 rings on anterior 
tial; nuclei 6-8, two-fifths. 
large. 


Small and num- 

erous, or few 
| large finely 


} 
- 


dendritic. 


Two ovoid, ante- 
rior ; few 
branched scat- 
tered. 


Few oval and 
branches. 
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EXPLANATION OF PLATE X 


Tig. 1. Lateral view of male specimen pressed and mounted. 
Fig. 2. Proboscis showing arrangement and number of hooks. 
Fig. 3. Some body spines, highly magnified. 


Fig. 4. Photomicrograph of transverse section through anterior 
region of a male worm. 


Fig.5. Young male with developing prostate. 
Fig. 6. Male genitalia, after dissection. 


Tig. 7. Vertical section of adult male passing through the repro- 
ductive organs. 


Fig. 8. Magnified view of three eggs. 


All figures, with the exception of Number 4, were drawn with 
Abbe’s Camera Lucida. 


REFERENCES TO LETTERING 


b. = bursa. == proboscis. 

bn. = branched nucleus. pd. = prostatic duct. 

bs. = body spines. pe = penis. 

= cuticle. = prostatic gland or mass. 

cm. = circular muscle fibres. p.b. = proboscis hooks. 

d.r.p.s. = dorsal retractor of proboscis sheath. ps. = proboscis sheath or receptacle. 

em. = egg mass. rb. = retractor muscle of body end. 

gl. = genital igament. rp. = retractor or invertor muscle of 
g. = genital pore. proboscis. 

= hypodermis or subcuticula. spongy muscles. 

= lemnisci. == seminal vesicle. 

lm. = longitudinal muscle fibres. t. = testes. 

n. == nucleus. Me =: uterus. 

n.f. == nerve fibre or retinacutum. uterine bell. 

1.9, nerve ganglion. ud. uterine diverticula. 

0. = ovary. Vv. = vagina. 

oe. = ovejector. v.d. = vas deferens. 

o.m. = ova with enveloping membranes. v.¢. == Vas efferens. 

oval nucleus. v.g. vaginal gland. 

ov. = eggs or fertilised ova. w.r.p.s. = ventral retractor of proboscis sheath. 
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EXPLANATION OF PLATE XI 


Lateral view of adult female, pressed and mounted. 
Female genitalia after dissection ; much magnified. 


Part of body-wall in toto mount showing branched and oval 
nuclei. 


Transverse section of body-wall through a_ branched 
nucleus. 


Figs. 14-16. Photomicrographs of transverse sections of a female 


specimen passing through the proboscis sheath, the 
middle of the body, and the uterus respectively. 


lig.17. Egg masses, entire and split up, showing developed ova. 


All figures, except Numbers 14 to 16, were drawn with Abbe’s 
Camera Lucida. 


lor references to lettering sce explanation of Plate X. 
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STUDIES IN CHEMOTHERAPY* 


I. AMETHOD FOR MAINTAINING PATHOGENIC 
TRYPANOSOMES ALIVE IN VITRO AT 37°C. 
FOR 24 HOURS 


BY 


WARRINGTON YORKE 
A. R. D. ADAMS 


AND 


F. MURGATROYD 
(Received for publication, 7 October, 1929) 


As a preliminary step in an investigation designed with the 
object of obtaining some insight into the mechanism of the action 
of certain arsenical preparations in experimental trypanosomiasis, 
it appeared desirable to examine the action of the drugs in question 
on the parasites 7 vitro. 

Unfortunately, all attempts to culture the pathogenic trypano- 
somes have hitherto been unsuccessful, and yet it is at once obvious 
that before we can proceed with an investigation of this nature, 
some method must be discovered whereby the trypanosomes can be 
maintained alive 7m vitro for such a length of time as will enable 
one to judge definitely whether the addition of the drugs to the 
medium has, or has not, any trypanocidal effect. During the past 
thirty years many workers have interested themselves in the question 
of the action of drugs on trypanosomes 77 vitro, and the number of 
papers relating to the subject is very considerable. It is, 
consequently, not surprising that the literature dealing with the 
maintenance of trypanosomes 1 vitro is also voluminous. We do 
not propose to refer to the great majority of these papers, beyond 
observing that they reveal many contradictory statements and 


* This work was supported by a grant from the Chemotherapy Committee of the Medical 
Research Council. 
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anomalies and, generally speaking, are of little value for the object 
we have in view, as they contain no precise quantitative information. 
There seems to be, however, a more or less general agreement that a 
medium consisting wholly, or partly, of serum maintains. try- 
panosomes better than physiological saline and the various modifica- 
tions of Ringer’s solution; and that the parasites survive longer 
at laboratory temperature than at 37°C. Terry (1g1r and 1915), 
who examined the trypanocidal action of certain drugs in vitro, 
concluded that all the sera he used—rabbit, ox, horse, goat, sheep, 
pig, chicken, rat and mouse—preserved the motility and the 
morphology of Trypanosoma brucei better and longer than did salt 
solution and various modifications of Ringer’s solution. He states 
that the serum should not be diluted more than two to four times, 
that undiluted serum is the best, and that the parasites are better 
preserved at room temperature than in the ice-box ; he adds that 
the infectivity of trypanosomes suspended in ox serum at room 
temperature was maintained for at least eight days. Apparently, no 
observations were made at 37°C. Rothermundt and Dale (1912), 
in an interesting paper on the action of atoxyl 7m vitro and in the 
animal body, likewise discuss the problem of maintaining trypano- 
somes 77 vitro. They found that whereas trypanosomes suspended 
in physiological saline died within a period of two hours at 37° C., 
and lived for only two to two and a half hours at laboratory 
temperature (22° C.), their survival was prolonged to a_ period 
varying from two to five hours at 37° C., and from eight to twenty- 
four hours at 22°C., when the parasites were suspended in 
defibrinated guinea-pig blood. They subsequently discovered that 
guinea-pig serum was distinctly superior to defibrinated blood, and 
that in this medium the parasites remained alive at 37°C. for at 
least five hours. Kligler and Weitzman (1925) studied the action 
of Bayer 205 7m vitro, and during their work found that T. evansi 
could be kept alive in guinea-pig serum diluted with saline for at 
least twenty-four hours at 25° C.; no details are given beyond the 
fact that certain of the parasites were, at the end of this period, 
actively motile and infective ; apparently no observations were made 
at 37°C. Papamarku (1927) made an extensive study of the 
action of certain drugs on trypanosomes and spirochaetes 77 vitro. 
He employed deactivated rabbit serum as a medium for suspending 
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the parasites ; this was inoculated by the addition of a drop of 
infected blood, and the medium was then covered with a layer of 
liquid paraffin. Under these conditions, Papamarku found that the 
motility of the trypanosomes was preserved for at least forty-eight 
hours at room temperature ; here again, however, there is no record 
of observations made at 37° C. 

Preliminary experiments soon convinced us of the truth of 
the main conclusions reached by previous workers; namely, that 
when suspended in serum the trypanosomes survive much longer 
than in physiological saline or in various modifications of Ringer’s 
solution, and that the period of survival is considerably greater at 
laboratory temperatures than at 37°C. We were, however, early 
impressed by a fact which, although it had possibly not escaped 
the notice of those who had previously investigated the subject, 
yet is certainly not referred to by them. In many of our experiments 
a progressive diminution in the number of trypanosomes set in shortly 
after the commencement of the experiment ; careful microscopic 
examination showed that whilst many of the parasites were actively 
motile and of normal appearance, others were sluggish or even 
motionless, and some were clearly in various stages of disintegration. 
This, of course, means that under the same conditions of experiment 
certain individuals died relatively quickly and then disintegrated 
and finally became unrecognisable, whilst others remained actively 
motile and apparently in good condition for much longer periods. 
It should further be mentioned that in our preliminary work the 
results obtained were far from constant; for example, in some 
experiments the trypanosomes suspended in rabbit serum died 
much more quickly than was the case in other experiments in which 
the same medium was employed. 

Considerations of this nature led us, therefore, to re-investigate 
the whole subject, with the object of obtaining, so far as was possible, 
precise information having a quantitative value, and of devising a 
method whereby trypanosomes could be kept alive, without serious 
diminution in the original number introduced into the medium, for a 
period of at least twenty-four hours at 37° C. Notwithstanding the 
fact that it is generally recognised that it is much easier to keep 
trypanosomes alive im vitro at laboratory temperature than at 
37° C., the ultimate object we had in view—the investigation of the 
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trypanocidal action of drugs i vtvo—compelled us to concentrate 
our attention on experiments conducted at 37° C. It is a remarkable 
fact that almost without exception all those who have concerned 
themselves with the action of drugs on trypanosomes iz vitro have 


worked at comparatively low temperatures. This can only mean 


a general recognition of the difficulty of keeping the parasites alive 
in vitro at body temperature. 

As preliminary observations appeared to confirm the conclusion 
of previous workers, that serum was the best medium for 
supporting trypanosomes 77 vitro, we decided at first to confine our 
attention to this medium, and then, having ascertained under what 
conditions the best results were to be obtained with it, to compare 
those given with other media under similar conditions. 

The trypanosomes used in these experiments were: (i) a strain 
of T°. eguiperdum, about which little is known beyond that it has been 
maintained for many years in European laboratories by passage 
through mice ; (ii) a strain of 7. rhodesiense, which was isolated from 
man in 1923, and which has since been kept 1n mice ; and (iii) a strain 
of 7. gambiense isolated from man in March, 1922, and since main- 
tained in mice. 

Technique. A mouse at the height of the infection, when its blood 
was swarming with parasites, was killed with chloroform, and blood 
obtained from the heart with aseptic precautions was diluted with 
twice its volume of sterile citrated saline solution. After mixing 
thoroughly, 1 volume of this was added to g volumes of rabbit 
serum ; this, which we call Suspension A, was, therefore, a 30-fold 
dilution of the infected blood. Suspension B was made by taking 
1 volume of Suspension A and adding it to 9 volumes of rabbit serum, 
and Suspension C by diluting I volume of Suspension B with 
yg volumes of rabbit serum. By this means various dilutions of the 
infected blood in rabbit serum were obtained, viz., Suspension A, in 
which the infected blood was diluted 30-fold ; Suspension B, in which 
the dilution was 300-fold; and Suspension C, in which it was 
3,000-fold. About 1-0 c.c. of each of these suspensions was then 
added to each of a series of sterile glass tubes, and incubated at 
37° ©. These tubes, which were about 7-5 mm. in bore and 7:5 cm. 
in length, were made in the laboratory from ordinary stout-walled 
glass tubing, and were covered by caps made from glass tubing of a 
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slightly larger diameter.* Samples were removed from time to time 
with a sterile pipette—care being taken to mix thoroughly the 
contents of the tube—and examined, microscopically, on a Thoma 
Zeiss haemocytometer slide with the combination, Leitz Oc. 2, Obj. 6. 
By this means, it was found that the number of trypanosomes present 
in a suspension could be determined with reasonable accuracy, 
provided the concentration did not exceed about 60 parasites to the 
256 small squares of the haemocytometer scale, i.e., approximately 
1,000 per c.mm. It was found that in the case of very heavily 
infected mice, Suspension (, representing a 3,000-fold dilution of the 
infected blood, gave, as a rule, a count of between 30 and 60 parasites | 
for the 256 squares of the haemocytometer scale. 


I. 
Concentration 
of infected Number of living trypanosomes per 256 squares of the 
Tube mouse blood haemocytometer scale 
in fresh = 
rabbit serum | a oe 6 9 It 13 | 25 
Start | hours | hours hours — hours | hours | hours | hours 
I 1:30 (7,000)| +++*| ... gy* 
3 I: 300 (700) ove 570 - 640 | ie 620 | 15° 
4 I: 300 560 | 048 =| 20° 
5 I 3 3,000 67 $2 108 | eee 
6 I : 3,000 | 105 eve oe 4 | 66 
7 I : 30,000 16 10 14 | 5 
3 I : 30,000 10 | 13 14 | 6 


The figures in brackets are calculated numbers, and the large numbers (over 100), have only an 
approximate value. 
Indicates living trypanosomes too numerous to count ; many large agglomerations scen. 


* Large numbers of dead and degenerate parasites also seen. 


Numerous experiments of this nature were performed with the 
various strains of trypanosomes, using fresh and deactivated rabbit 
serum as a medium. The results obtained were constant and are 
illustrated by the typical protocol set forth in Table I. 


* The discovery of a suitable covering for the tubes proved to be a matter of some difficulty. 
At first, following Papamarku, the contents of the tubes were covered with a layer of liquid paraffin ; 
this was, however, found unsuitable for our purpose, as the paraffin droplets interfered with the 
enumeration of the parasites in the haemocytometer. Plasticine caps and cotton-wool plugs were 
also tried, but both had to be abandoned, as the heating of the tops of the tubes for the purpose of 
sterilization resulted in the production of substances toxic to the trypanosomes. ‘The small amount 
of dust falling from sterilized cotton-wool plugs also seemed to have a detrimental effect on the 
trypanosomes, which showed a marked tendency to adhere to minute solid particles. 
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rom the experiment recorded in this table it will be seen that 
when the infected mouse blood was diluted 3,000 times, the number 
of living parasites was substantially the same at the end of 24 hours 
as it was at the beginning of the experiment. This does not 
imply that all the individual trypanosomes originally present in the 
suspension had survived during this period. As a matter of fact, 
occasional dead and degenerate forms were seen throughout the 
whole period. The numbers were, however, maintained by 
multiplication of the parasites. 

Divisional forms were seen throughout the experiment, and during 
the early hours division proceeded at such a rate that it more than 
balanced the loss due to death, with the result that the total number 
of parasites increased substantially. As time went on, the rate of 
multiplication either subsided, or the death rate increased, so that the 
total number of parasites gradually decreased until, at the end of 
24 hours, the number was about the same as at the beginning 
of the experiment. This likewise applied in the cases where the 
dilution of the infected blood was 1: 30,000. When, however, we 
turn to the observations where the dilutions were only I: 300 or 
1: 30, death occurred much more rapidly. In the 1 : 300 dilutions, 
the number of parasites remained more or less stationary for about 
12 hours and then fell rapidly, so that after 24 hours only a small 
fraction of the original number was still alive. In the 1 : 30 dilutions 
death occurred with great rapidity ; within an hour or so large 
agglomerations of sluggishly-moving parasites, many of which were 
degenerating, were to be seen, and within 6 hours the great majority 
were dead and degenerate. 

As frequent observations of this nature indicated that the degree 
of dilution of the infected blood influences to a very definite extent 
the length of survival of the parasites in rabbit serum at 37° C., 
experiments were devised with the object of determining whether 
it was the concentration of parasites, or that of the serum of the 
infected mouse, which was the determining factor in producing 
this result. 


Experiment. ‘To o°5 c.c. of citrated-saline was added 0°25 c.c. of the heart 
blood of a mouse, taken at the height of infection with 7. rhodesiense, and from 
this, 30-fold (Suspension A), 300-fold (Suspension B) and 3,000-fold (Suspension C) 
dilutions in fresh rabbit serum were made as previously described. About 2°5 c.c. 
of Suspension A was centrifuged at high speed, the deposit of trypanosomes washed 
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thrice in fresh rabbit serum, and finally fresh rabbit serum added to the washed 
deposit so as to bring the volume once more up to 2°5 c.c., thus giving a concentration 
of washed parasites (Suspension D) corresponding to that of the 30-fold dilution of 
mouse blood. From this Suspension E and Suspension F were made, corresponding 
to the 300-fold and the 3,000-fold dilutions of mouse blood. Each of the six 
suspensions was divided amongst a number of tubes which were placed in a water 
bath at 37°C., and to one tube of each of these was added one-twentieth of its 
volume of the centrifuged serum of the infected mouse, with a view to ascertaining 
whether possibly any antibodies it might contain exercised an unfavourable action 
on the longevity of the trypanosomes. 


The results of this experiment, which are set forth in Table II, 
indicate clearly that the factor which determines the longevity of the 
parasites in rabbit serum is not the concentration of the serum of 
the infected mouse, but that of the parasites. That this is so is not 
surprising, when one considers the enormous activity of the trypano- 
somes. Very little is known of the metabolism of trypanosomes. 
Experiments performed many years ago (Nauss and Yorke, IgII) 
showed that the incubation, in the absence of air, of living trypano- 
somes in defibrinated blood causes, if the parasites be numerous, a 
total disappearance of the oxygen combined with the haemoglobin ; 
the carbon dioxide is not increased in a degree corresponding to 
the diminution of oxygen. There seems no reason to doubt that 
the parasites absorb their protein and carbohydrate material in the 
liquid state from the medium in which they are living; and it is 
quite probable that the shorter life of the parasites in the more 
concentrated suspensions is due, in part at least, to the more rapid 
exhaustion of the nutrient material in the medium. It is also 
possible that the products of metabolism are unfavourable to the 
life of the parasite, and that their more rapid accumulation in the 
concentrated suspension of trypanosomes constitutes another of the 
factors which curtail the length of life of the parasites in such 
suspensions, as compared with weaker suspensions. 

The work of Biot, Biot and Richard (1911), and that of Schern 
(1925), and others, has shown the importance of glucose in the 
metabolism of trypanosomes. In our preliminary experiments we 
were impressed by the fact that serum which had been kept for some 
time, and which had become contaminated by bacteria, had lost, 
to a considerable extent, its power of supporting trypanosomes, even 
though it had been sterilized by heating to 60° C. for half an hour on 
several occasions before use. The addition of a small quantity 
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Tasce If. 


| Concentration} 
| of infected 
blood, or | Number of living trypanosomes per 256 squares of the 
haemocytometer scal 
T | concentra- | 
ube | tions of wash- | | 
ed | | 5 6 7 | 10 | 32 4 | 
Start hour ' hours | hours | hours | hours hours hours | hours hours hou 
| | | | 
| 
1 | SuspensionA ... we | (4,000) 30* | 10° | 2* 
| | 
3. | Suspension A +- vol. of serum | 
of infected mouse ... (4,000) 4-4--+ es" | | 
| 
4 | SuspensionB ... £2900 (400) 450 | 440 | 435 | 485 | 435 | 7 
5 | SuspensionB ... | (400) ay 
1 | 
6 | Suspension B + ;) vol. of serum | | | | 
of infected mouse ... | (400) | 336 | | 475 | 410 | 340 | 280 | 250 | 2 
| | 
a g | Suspension C + 3% vol. of scrum | | | | | | 
of infected mouse ... 1 47 | | 56 | 57 | 46 
| | | | | 


12 Suspension D + vol. of serum | 


13 SuspensionE... | (400) | 380 | | 380 | 352 | 358 
14  SuspensionE ... (400) | 392 | | | | ‘ | 
15 Suspension E + 3}, vol. of serum | | | 
of infected mouse ... | (400) |. | 450 345 =| $50 | 416 
16  SuspensionF ... $29,000 40 | 39 41 | 64 | 50 | 45 


18 Suspension F + 4'5 vol. of serum 
of infected mouse ... 34 Lae 58 52 | 46 


The figures in brackets are calculated numbers, and the large numbers (over 100), have only an approximate value. 
Jone Indicates living trypanosomes too numerous to count; many large agglomerations seen. 
* Large numbers of dead and degenerate parasites also seen. 
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(o'r per cent.) of glucose to such a serum sufficed to restore in a large 
measure its nutrient qualities. With the object of investigating 
the matter further, experiments of the following nature were under- 
taken. 


ExperiMENT. Blood from the heart of a mouse at the height of infection with 
T. rhodesiense was diluted with an equal volume of citrated saline, and I c.c. of the 
citrated blood was then added to 9 c.c. of deactivated sheep serum. ‘This mixture 
was placed in the incubator at 37° C. and shaken from time totime. After 3 hours 
it was centrifuged at high speed and the supernatant fluid, ‘ Extracted serum,’ 
removed, ‘The capacity to sustain trypanosomes of the ‘ Extracted serum,’ and of 
the various modifications of it shown in Table II], was examined in the manner 
already described. 

The data supplied in Table III demonstrate that the presence of 
large numbers of trypanosomes in serum for a period of 3 hours 
at 37° C. impairs, to a marked extent, its capacity to support trypano- 
somes, and furthermore, that the addition of 0-1 per cent. glucose 
suffices to restore its nutrient qualities. The conditions of the 
experiment failed to reveal the presence in the ‘Extracted serum ’ 
of any substance highly toxic to the trypanosomes. If such toxic 


substances had been produced in any quantity, one would have 


Taste III. 
| Trypanosomes per 256 squares of 
| the haemocytometer scale 
Tube | 
| I 4% | 7% | I9 
Start hours hours | hours | hours 
1 Extracted serum ... 4 | 3 | ° 
2 | Extracted serum ... “si aus | | 1 | o 
3. Extracted serum + 0°1 %% glucose... | 78 «108 | 106 79 
4 | Extracted serum + glucose... ose 95 
5 | Extracted serum 5c.c.-+ normal sheep serumo5c.c. 77 | 81 85 69 
| 
6 Extracted serum c.c.+ normalsheepserumorsc.c. 77 ove 60 
| | 
7 Saline c.c. + normal sheep serum o°5 c.c. it | 7% «77 71 
| 
8 | Saline c.c. normal sheep serum c.c. | 62 ewe | 64 
9 | Normal sheep serum... 66 | 73 | 87 65 
| 
10 | Normal sheep serum... | 73 | | 65 
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expected that the mixture, consisting of equal parts of the ‘Extracted 
serum ’ plus normal serum, would have proved less favourable as a 
medium for supporting trypanosomes than equal parts of physio- 
logical saline plus normal serum ; such, however, was not the case. 

In view of the striking results given by experiments of this kind, 
we decided to ascertain whether, by chemical analysis, it was possible 
to demonstrate that the suspension, in serum, of numerous trypano- 
somes at 37° C. for various periods, resulted in a removal of glucose 
from the serum. 


ExpERIMENT. In each of two wide glass tubes, A and B, was placed 5 c.c. of 
sheep serum which had been heated to 56°C. for 30 minutes. ‘To one of these, 
Tube B, was added 10 mgm. of glucose, The heart blood of a mouse heavily infected 
with 7. rhodestense was then withdrawn into an equal volume of citrated saline, and 
0-5 c.c. of the citrated blood was added to each of the two portions of sheep serum. 
The suspensions were immediately placed in the water bath at 37° C. and agitated 
at frequent intervals. It was observed that the colour of each changed within a 
few minutes from bright red to dark purple, owing to the reduction of the oxyhaemo- 
globin of the mouse red cells. On shaking, the bright red colour was immediately 
restored, 

At the end of an hour, Suspension A no longer turned purple, and examination 
showed that practically all the trypanosomes were dead ; it was then centrifuged at 
high speed and the supernatant fluid ‘ Extracted serum A,’ removed and set aside 
for sugar estimation. Suspension B continued to turn purple and the trypanosomes 
to exhibit active motility for a further period of 44 hours, when both the reduction 
of the haemoglobin and the motility of the parasites ceased ; it was then centrifuged 
and the supernatant fluid, ‘ Extracted serum B,’ removed. 

The sugar content of the original sheep serum and of the ‘ Extracted 
sera A and B’ was determined with the following results :— 

Original sheep serum, 50 mgm. per 100 c.c. 
‘Extracted serum A,’ less than Io mgm. per 100 c.c. 
‘Extracted serum B,’ less than 10 mgm. per 100 c.c. 


Analysis of the data supplied by this experiment conveys some 
idea of the enormous consumption of sugar in the metabolism of 
trypanosomes. The trypanosome suspensions consisted roughly of 
5 c.c. of serum and 0:25 c.c. of infected mouse blood, 1.e., the dilution 
of infected blood was approximately 20-fold, and the concentration 
of trypanosomes approximately 80,000 per c.mm. The quantity of 
sugar in Suspension A was 2:5 mgm. and that in Suspension B, 
1245 mgm. Apparently, therefore, the trypanosomes in 0:25 e.c. of 
nisi mouse blood (i.e., 400 millions) sufficed, within 1 hour, 
to cause the disappearance of between 2 mgm. and 2:5 mgm. of sugar, 
and, within 5 hours, of between 12 mgm. and 12:5 mgm. __In experi- 
ments of this sort, where concentrated suspensions of trypanosomes 
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were used, the length of life of the parasites appeared—within, of 
course, certain limits—to vary directly with the amount of sugar 
available. 

Having ascertained that trypanosomes consumed large quantities 
of sugar, and that the length of life of the parasites in concentrated 
suspensions is largely determined by the amount of sugar available, 
we proceeded to enquire whether any evidence could be obtained 
that more prolonged sojourn of numerous trypanosomes in serum 
resulted in the production of changes in the serum other than the 
mere removal of glucose. 


Experiment. ‘To 15 c.c. of sheep serum was added 1-5 c.c. of a mixture of 
equal parts of citrated saline and the heart blood of a mouse heavily infected with 
T. rhodesiense, and the resulting suspension was immediately placed in the water- 
bath at 37°C. Within a few minutes the colour was observed to have changed 
from bright red to dark purple ; on shaking, the red colour immediately returned. 
The suspension was shaken every few minutes during a period of 2} hours, at the 
end of which time very little reduction occurred, and practically all the trypano- 
somes were found to be dead and degenerate ; it was now centrifuged at high speed 
and the supernatant fluid removed and divided into 3 equal volumes, the first of 
which, ‘ Extracted fluid A,’ was set aside ; and to the third, C, was added sufficient 
glucose to produce a o'l per cent. concentration. ‘To each of the Portions, B and C, 
was then added 0:5 c.c. of the citrated heart blood of another mouse heavily infected 
with T. rhodesiense, and the suspensions again placed in the water bath at 37°C. 
It was observed that both suspensions speedily became dark purple; they were 
frequently shaken as before. After 30 minutes it was found that Suspension B turned 
purple very slowly, whilst in Suspension C the reduction occurred with the previous 
rapidity. At the end of 60 minutes, reduction had ceased in Suspension B, and 
all the parasites were dead; this suspension was then centrifuged at high speed 
and the supernatant fluid removed—‘ Extracted fluid B.’ In Suspension C, 
reduction continued actively for another 2 hours ; it then became slow and finally, 
after a further 30 minutes, ceased altogether, and practically all the trypanosomes 
were dead. Suspension C was then centrifuged at high speed and the supernatant 
fluid, ‘ Extracted fluid C’ removed. 

The sugar content of each of the three extracts and of the original sheep serum 
was then estimated, with the following results :— 

Original sheep serum, 51 mgm. per I00 c.c. 

‘Extracted fluid A,’ less than 1o mgm. per I00 c.c, 
‘Extracted fluid B,’ less than 10 mgm. per I00 c.c. 
‘Extracted fluid C,’ less than 10 mgm. per 100 c.c. 

The capacity to sustain trypanosomes of the original serum, of the three extracts, 
and of the various modifications of them shown in Table IV, was examined in the 


usual manner. 

The results of the experiment recorded in Table IV show once 
again that the primary change produced in serum by the action of 
numerous trypanosomes is the loss of glucose. Serum treated in 
this manner (Extract A) quickly loses its capacity to support trypano- 
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somes, and that this is mainly due to lack of glucose is seen from 
the restorative action of the addition of 0-1 per cent. glucose. When, 
however, the serum has been subjected to still more prolonged action 
of the parasites (Extract B and Extract C), the addition of 0-1 per 
cent. glucose, although it restores in very large measure the nutrient 
properties of the serum, apparently fails to do so completely, with 
the result that trypanosomes added to such media die more quickly 
than in untreated sheep serum. 


Tasie IV. 


Number of living trypanosomes per 256 squares of the 
| haemocytometer scale 


Tube | 
| 3 5 | a2 | 26 
| | Start | hour | hour | hours | hours | hours | hours | hours | hours | hours 
| | | | | | | 7 
I | Extract A | 64 | 62 54 33. | «19 17 2 | 12 
2 | Extract A + 07194 glucose... 59 64 74 | 77 94 g8 21 
3 | Extract A 1 part, sheep serum 1 part of | 72 is 81 | 75 ss | 96 22 
4 | Extract A 19 parts, sheep serum I part | 60 | 61 35 15 | 11 19 | II 
5 | lat | 4 ° | 
6 | Extract B + glucose... 61 60 | we | | of 84 | 104 3 
7 Extract B 1 part, sheep serum 1 part x | # | 68 61 82 96 88 I 
8 Extract B 1g parts, sheep serum 1 part | ” 45 | 45 27 15 = | 4 o 
g Extract C 47 5 ° | 
10 Extract C + glucose 69 | 74 | | 59 71 | 64 | 62 
11 Extract C 1 part, sheep serum I part ... | 66 sds 58 70 | 70 | 70 89 : 126 1 
12 | Extract C 19 parts, sheep serum 1 part | | 59 we | 49 30 | 22 | I 3 fo) | 
13 | Saline 1 part, sheep serum 1 part .| | 78 71 | 86 70 | Ito | WIZ | 52 
14 | Sheep serum | 58 | 78 86 93 89 | 102 72 


* Average count of 6 tubes taken at random. 


Considering, as a whole, the results obtained from the various 
combinations of ‘ Extracted ’ and normal serum, there appears to be 
substantial ground for believing that the prolonged sojourn of 
numerous trypanosomes in serum has some effect on its capacity to 
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support the parasites beyond that resulting from the mere removal 
of glucose, and that this additional action is probably the result of the 
removal of some other nutrient material rather than the production of 
toxic substances. We have no knowledge of the nature of this 
additional substance, which is of importance to the life of trypano- 
somes, but the comparative failure of various modifications of 
Ringer’s solution to support trypanosomes (Tables V and VI), to 
which reference will shortly be made, suggests that it is of the 
nature of protein. 

Summing up our observations on this subject, we have reached 
the conclusion that the primary cause of the rapid death of the 
trypanosomes in concentrated suspensions is the exhaustion of the 
glucose content of the serum. Probably, however, other factors, 
e.g., the exhaustion of other essential constituents of the serum and 
possibly the excretion of auto-toxins by the parasites themselves, 
play a secondary réle in the phenomenon. It must, moreover, be 
remembered in this connection that pronounced agglomeration of the 
parasites into large masses is an invariable occurrence in concentrated 
suspensions ; and as such masses rapidly subside to the bottom of the 
tubes, the accumulation of the vast majority of the parasites into a 
relatively small portion of the nutrient medium doubtless facilitates 
the operation of these inimical factors. We have frequently observed 
that when the clumping of the parasites into large agglomerations is 
prevented and the trypanosomes maintained in even suspension by 
frequent agitation of the medium, their length of life is considerably 
prolonged. 

The result of this work has consequently shown that, provided 
the initial concentration of trypanosomes in the rabbit, or sheep, 
serum does not exceed about 1,000 per c.mm., i.e., between 60 and 70 
per 256 squares of the haemocytometer scale, the parasites survive in 
practically undiminished numbers for a period of 24 hours at 37° C. 
After this period, the number gradually falls, but if precautions are 
taken to exclude bacteria, living parasites capable of infecting 
mice may frequently persist in considerable numbers for three or four 
days. It was subsequently found that the serum—fresh, or de- 
activated at 56° C. for half an hour—of ox, horse, and pig, proved 
just as efficacious as that of rabbit or sheep. 

In striking contrast normal human serum was found to possess 
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definite trypanocidal action. T. rhodestense and T. equiperdum are 
rapidly killed by human serum even in high dilutions, at 37°C. ; 
but T. gambiense is apparently uninfluenced by human serum under 
similar conditions. This action of human serum is so striking and 
seems to have so important a bearing on the question of the 
epidemiology of human trypanosomiasis that we have decided to 
reserve further discussion of the matter to a separate paper. 

Having reached this position as regards serum as a medium 
for maintaining trypanosomes alive at 37° C., attention was turned 
to other possible media. Experiments of a similar nature with 
saline, various modifications of Ringer’s* solution, nutrient broth, 
and broth containing 0-2 per cent. glucose, showed that, in the absence 
of serum, none of these are capable of supporting the parasites for 
more than a few hours at 37°C. (Tables V and VI). These tables 
also illustrate the truth of our previous contention that when trypano- 
somes, in suitable concentration, are suspended in serum, there is, 
during the first 6 hours at least, a steady multiplication of the 
parasites, and that after 24 hours, they are to be found in numbers at 
least equal to those at the commencement of the experiment. 
Apparently dilution of serum with Ringer-glucose solutions, to the 
moderate extent shown in the tables, in no way impairs its capacity 
to support the parasites. 3 

Why, after the initial increase, there shquld be a continual 
decline in the number of parasites until, after periods varying 
from 48 hours to 96 hours or more, all are dead, and why this process 
is more rapid in certain tubes than in others containing the same 
medium we are unable to explain. One factor which certainly 
is highly inimical to the life of the trypanosomes is bacterial 
contamination, and this is difficult to eliminate entirely from 
experiments of this kind. However, these questions are outside 
the scope of the problem we set ourselves—the discovery of a 
method whereby trypanosomes could be kept alive in undiminished 
numbers over a period of at least 24 hours at 37° C. We are satisfied 
that we have succeeded in finding a solution to this problem, and 


* The constitution of the Ringer’s solution was :— 
Sodium chloride, o-g gm. 
Potassium chloride, 0-025 gm. 
Calcium chloride, o-o2 gm. 
Sodium bicarbonate, o-o15 gm. 
Distilled water, too-o c.c. 
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Taste V. 
Trypanosoma rhodesiense 


of the haemocytometer scale 


Number of living trypanosomes per 256 squares 


| if 3 | 5 6 48 
z | Start |} hours hours hours hours | hours | hours hours 
Physiological saline + glucose... wie | 19 | 
Ringer’s solution + 01%) glucose | 20 9 21 o ‘ 
| Ringer’s solution -} 0-29) glucose | 24 22 8 | 2 
| Ringer’s solution -++- o-5 Sgglucose 27 21 15 | 2 | 
| Nutrient broth... wal 28 au s | 4 | 
Rabbit serum deactivated | 31 24 | 6 
| | 
Rabbit serum deactivated + glucose... | wis son | Ga 3 
Rabbit serum deactivated + glucose... 37 | 6 
- Rabbit serum 2 parts -+ Ringer 0-2, glucose 1 part... | vee a | 42 | icon 26 | I 
| 
| Rabbit serum 1 part +- Ringer 0-2, glucose 2 parts | 34 | 39 | 
| 
| Rabbit serum 2 parts -+ Ringer o-5°, glucose 1 part...’ | 41 29 | 2 
| Rabbit serum 1 part -+ Ringer glucose 2 parts... | ve 39 41 | 
| Sheep serum deactivated wal | 35 ie 29 | 9 
| | | | 
Sheep serum deactivated 01% glucose... | a | ooo | 36 32 9 
| Sheep serum deactivated + 0-2% glucose... - | in vos | 42 27 8 
| Sheep serum 2 parts + Ringer 0-2, glucose 1 part | | whi died | bes | 44 45 4 
| Sheep serum 1 part ++ Ringer 0-2% glucose 2 parts ... | ‘a Sine | aes | 47 4 §9 26 
Sheep serum 2 parts + Ringer o-5-++ glucose 1 part ... | és ead | oe | 36 30 II 
Sheep serum 1 part + Ringer 0°54 glucose 2 parts ...| j whi and | a | 47 40 4 


* This figure is an average of the counts on 6 tubes taken at random. 


Tube. Medium 


* 
5 
7 
9 
12 
17 
18 
19 
20 
21 
| 
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Tasie VI. 
Trypanosoma equiperdum 
4 
Number of living trypanosomes per 256 squares of : 
| the haemocytometer scale 
Tube | Medium 
| Start hours} hours hours hours hours hours | hours | hours 
2 | Physiological saline + glucose... 33 6 | 1 ve 
| | | 
4 | Ringer’s solution + glucose... 33 | 5 4 | 
| 
Ringer’s solution + 0:29, glucose 42 13 
Ringer’s solution -+- o*5°,, glucose 28 32; 22 9 2 ; 
7 | Nutrient broth... 33 30 | 18 4 I 
| | 
9 Rabbit serum deactivated 35 46 19 
10 | Rabbit serum deactivated + glucose... 40 we 39 24 11 
| 
11 Rabbit serum deactivated + 02%) glucose... 35 | we 32 22 11 ¥ 
3 37" | | 
12 | Rabbit serum 2 parts + Ringer 0-24 glucose | | , 
13 Rabbit serum 1 part -++ Ringer 0-29) glucose 
| 2 parts 37 ve | 58 | §4 | 30 | 2 
14 | Rabbit serum 2 parts + Ringer 0-5, glucose | 
15 Rabbit serum 1 part + Ringer 0-5, glucose | | | 
2 parts 68 “ae 57 28 | #1 
| 
{ 
16 | Sheep serum deactivated ane ae 52 vn 43 31 | 10 
| 
17 | Sheep serum deactivated + 1% glucose 56 | 28 
18 | Sheep serum deactivated + glucose... | in 26 | 
| 
‘ 19 | Sheep serum 2 parts + Ringer 02% glucose | | 
20 | Sheep serum 1 part + Ringer 0-29 glucose — | 
21 Sheep serum 2 parts + Ringer 05% glucose | | 
22 Sheep serum 1 part + Ringer 0-5% glucose | | | 
* This figure is an average of counts on 6 tubes taken at random. 
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that the method will fulfil our requirements in that it will enable us 
to examine the trypanocidal action of drugs and other substances 
in vitro. 


SUMMARY 


1. Asa preliminary step in an investigation of the mechanism 
of the action of drugs in experimental trypanosomiasis, it appeared 
desirable to study the action of the drugs in question 7” vitro. 

2. For this purpose it was obviously necessary to discover 
some means whereby pathogenic trypanosomes could be preserved 
alive 7 vittro, in approximately undiminished numbers, at 37° C. over 
a period of at least 24 hours. 

3. The efforts of previous investigators in this direction had not 
met with much success. It was, however, generally agreed that 
serum was the best medium, and that it was much easier to keep 
the parasites alive at laboratory temperature than at 37°C. It is 
not possible to obtain from this work information having any pretence 
to quantitative value, and so far as work at the body temperature 
is concerned, the only statement we have been able to discover of any 
real value is that of Rothermundt and Dale (1912), who merely 
recorded that in guinea-pig serum they were able to keep trypano- 
somes alive for at least 5 hours; the important question whether 
the number of parasites decreased substantially during this period, 
or whether the parasites were present in the same number at the 
end of the period as at the beginning is ignored. 

4. Our own experimental work showed that it is possible to 
maintain a trypanosome suspension alive 7 vitro at 37° C., without 
any appreciable diminution in the number of individuals, during 
at least the first 24 hours. 

5. The method of preparing such suspensions and of observing 
changes in the number of parasites occurring in them, from time 
to time, is described. 

6. It is shown that serum—fresh, or deactivated at 56° C. for 
half an hour—from the rabbit, ox, sheep, horse or pig, are about 
equally efficacious as supporting media, and that physiological saline, 
Ringer’s solution—with or without the addition of glucose—nutrient 
broth and broth containing 0-2 per cent. glucose are comparatively 
useless. 
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7. Normal human serum, even in high dilutions, was found 
rapidly to destroy 7. rhodestense and T. equiperdum at 37°C. in vitro : 
it had, however, no trypanocidal action on 7°. gambiense. 

8. It was further shown that the concentration of trypanosomes 
in the medium is a matter of vital importance. The parasites live 
longest provided their concentration does not exceed about 1,000 
per c.mm.; if they are present in concentrations grossly exceeding 
this number, they die rapidly. The explanation of this fact 1s, 
doubtless, bound up with the great metabolic activity of the trypano- 
somes which, when the parasites are present in considerable 
concentration, rapidly deprives the medium of its nutrient properties 
and particularly of its glucose. 

9. The presence of glucose is essential for the life of trypano- 
somes i vitro. Information is supplied concerning the relatively 
enormous quantity of glucose consumed by these parasites. It was 
found that 0-25 c.c. of heavily-infected blood mouse, containing 
approximately 400 million parasites, sufficed, when suspended in 
5 c.c. of sheep serum, to which glucose had been added, to cause 
within 1 hour the disappearance of between 2 mgm. and 
2-5 mgm. of sugar, and within 5 hours of between 12 mgm. 
and 12-5 mgm, 
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STUMPY AND POSTERIOR-NUCLEAR 
FORMS IN A STRAIN (FEROX) OF 
TRYPANOSOMA BRUCEI 


BY 
GEORGE MACLEAN, 
SLEEPING SICKNESS OFFICER, TANGANYIKA TERRITORY 
From the Pathological Department of the University and Weslern 
fe) 
Infirmary, Glasgow) 


(Received for publication 4 November, 1929) 


There has long been considerable doubt about the relationship 
between the Trypanosoma brucei originally described by Plimmer 
and Bradford in 1899 and maintained in European laboratories 
since, and the polymorphic 7. brucet or ugandae now met with in 
the field. Bruce had discovered a trypanosome in domestic stock 
suffering from nagana in 1895, and the figure of this parasite which 
he gave in 1897 showed it to be polymorphic. In 1899 trypanosomes, 
considered to be the same as that figured in 1897, were investigated 
in England by Plimmer and Bradford and named T. brucet. 
According to their description the trypanosome was monomorphic. 
Stephens and Fantham also described their strain, derived from 
that of Plimmer and Bradford, as monomorphic. Presumably the 
various laboratory strains of 7. brucet have come from this original 
infection. 

Differences in their immunity reactions described by Kroo 
and by Browning and Gulbransen are no doubt to be ascribed 
to the fact that the strains have been passed through different 
animal hosts at various times, and the infections have not been 
restricted to mice. At the early period of investigation on trypano- 
somes little attention was paid to such points as the influence of 
the host on the parasites, which may be very enduring. This first 
appeared from the work by Ehrlich, Roehl and Gulbransen 
on serum-fast strains. 

It may therefore be of interest from the morphological point 
of view to record that in a ‘ ferox’ strain of 7. brucei* received 
from Professor Mesnil, Institut Pasteur, Paris, in a guinea-pig 
sixteen months ago and since kept in mice at the Pathology Depart- 
ment, Glasgow University, the writer observed on several occasions 


* This strain was obtained through the Medical Research Council. 
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stumpy forms. Among these there were six individuals showing 
various degrees of posterior nuclear displacement, one being a typical 
‘ posterior-nuclear ’ form. 

This typical posterior-nuclear individual was seen in the blood 
of a mouse in which the parasites were gradually disappearing as 
a result of the administration, 42} hours previously, of the anil 
preparation No. 71 ‘Browning, Cohen, Ellingworth and Gulbransen). 
It had no free flagellum and the nucleus was displaced almost 
completely to the posterior end. The cytoplasm did not show 
the granular appearance sometimes seen after drug treatment. 
The other five were seen in the blood of a mouse which had 
been treated 45 hours before with the styryl preparation No. go. 
Four of these were dividing forms, two nuclei being present, 
while the cytoplasm was still unsegmented. In these one nucleus 
was placed centrally while the other was almost or completely within 
the posterior quarter, that most displaced being about half its 
own diameter from the posterior end. The remaining specimen 
showed no signs of division; its nucleus was partly within the 
posterior quarter and was separated by a little more than its 
own length from the posterior end of the trypanosome. Though 
the axoneme was quite distinct there was little or nothing 
of the flagellum free. The cytoplasm showed coarse granules 
scattered throughout it.* In some of the other stumpy forms 
there were marked granular changes and neither axoneme_ nor 
undulating membrane could be seen, but in at least four specimens 
(one before and three after treatment) the axoneme was quite 
distinct though there was no free flagellum. 

Altogether over 10,000 trypanosomes were examined. 
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* The animals from which the specimens were obtained were killed several days later when the 
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AEDES (AEDIMORPHUS) APICO- 
ANNULATUS EDWARDS AND YELLOW 
FEVER: A CORRECTION 


BY 


A. M. EVANS 
(Received for publication 22 November, 1929) 


In our recent work, ‘ Insects, Ticks, Mites and Venomous Animals 
of Medical and Veterinary Importance,’ Professor Patton and the 
present writer refer, on page 198, to Bauer’s (1928) transmission 
of Yellow Fever by A. (Aédimorphus) apicoannulatus Edwards. 
It now appears certain, however, from an examination of specimens 
kindly presented to the Liverpool School of Tropical Medicine by 
Mr. C. B. Philip, of the West African Yellow Fever Commission, 
that the species referred to by Bauer was not apicoannulatus, but a 
somewhat similar species, which I found to be quite distinct from 
Edward’s species, when working in Sierra Leone, where both species 
occur. This species, which I named occidentalis (1926), was 
uncommon in Freetown, in comparison with apicoannulatus, but 
material identified by other workers from Nigeria and the Gold 
Coast, has invariably been found to be, in reality, occidentalis. 
Further, Mr. Edwards informs me that he has not seen apicoannulatus 
from Nigeria or the Gold Coast. 

As the synonomy given below will show, these two species have 
been confused in the literature since 1917 and the paper, in which I 
distinguished occidentalis, has evidently been overlooked by recent 
workers. In this paper I described the larva of apicoannulatus, 
and pointed out that Ingram and Macfie’s description, based on their 
Gold Coast material, applies to the larva of occidentalis, as I found 
by rearing such larvae to the adult state in Freetown. It should be 
noted that, in the table showing the larval differences on page 102 
of my paper, the names of the two species are reversed. 

The chief difference between these two species, as is noted in our 
book (1929), is the possession by occtdentalis of conspicuous paired 
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patches of white scales on the antero-lateral margins of the 
mesonotum. Another obvious difference is the total absence of a 
pale band on the proboscis, the possession of such a band being a 
conspicuous feature of apicoannulatus, as shown in our figure on 
p. 289. The ¢ hypopygium also shows very marked differences, 
as Shown in my paper (1926). 

While this paper was in the press I discovered that the name 
occidentalis is preoccupied in the genus 4édes by an Australian species 
of Skuse, so that a new name will have to be given to the West 
African species. It is proposed, therefore, to rename it Aédes 
(4édimorphus; stokest in honour of Dr. Adrian Stokes, who died of 
Yellow Fever while working with Dr. Bauer and Dr. Hudson on the 
experimental transmission of this disease to laboratory animals. 

The synonomy of these species is now as follows :— 


Aédes (Aeédimorphus) apicoannulatas Edwards (1912). Bull. Ent. Res. 
Aédimorphus alboannulatus Theobald (1905). 


Aédes (Aédimorphus) stokesi nom. nov. 
Aédes (Aédimorphus) occidentalis Evans (1926). Ann. Trop. 
Med. and Parasitol. 
A édes (Aédimorphus) apicoannulatus Edwards (1923). 
Aédes (Aédimorphus) apicoannulatus Edwards (1925). 
Ochlerotatus apicoannulatus Ingram and Mactie (1917). 
Aédes (Aédimorphus) apicoannulatus Bauer (1928). 


REFERENCES 


Bauer, J. H. (1928). The transmission of Yellow Fever by mosquitoes other than dedes aegypti. 
Am. Fl. Trop. Med., 8, 261. 

Epwarps, I’. W. (1925). Mosquito Notes, V. Bull. Ent. Res., 1, 257. 

Evans, A. M. (1926). Notes on Freetown mosquitos, with descriptions of new and little-known 
species. Ann. Trop. Med. & Parasitol., 20, 97. 

Incram, A., and Macriz, J. W. S. (1917). The early stages of certain West African mosquitoes. 
Bull. Ent. Res., 8, 135. 

Parron, W. S., and Evans, A. M. (1929). Insects, ticks, mites and venomous animals of medical 
and veterinary importance. Part I: Medical. Liverpool, 8vo. Published by Professor 
Patton. pp. i-xi; 1-786, 60 Plates, 374 Text-figs. 


ay 


| 
i 
~ 


PATHOGENICITY OF TRYPANOSOMA 

LEWIST AND BLOOD SUGAR _ IN 

INFECTIONS WITH TRYPANOSOMA 

LEWISIT AND BARTONELLA MURIS 
RATTI 


BY 


PAUL REGENDANZ 


(Institut fiir Schiffs-und Tropenkrankheiten-Hamburg, Department 
of Protozoology) 


(Received for publication 9 September, 1929) 


A short time ago it was published by Linton (1929), in these 
ANNALS, that generally, in accord with our own experiences, he had 
found that the blood sugar level of normal and splenectomized rats 
was not lowered by infections with normal and non-lethal strains of 
T. lewist. We have, however, experimented also with a strain of 
1. lewist which had become virulent to such an extent, that it often 
produced a fatal infection in splenectomized rats. In such cases 
we have always found a final hypoglycaemia. The opinion of Linton 
is that the death of these animals was not caused by the infection 
with 7. Jewist, but by an infection with Bartonella, which was 
responsible for the depressed sugar level. 

He states, further, that it is very difficult to avoid infection 
with Bartonella in experiments with 7. /ewist in splenectomised rats. 
But this is not quite exact. As ascertained by Mayer, Borchardt 
and Kikuth, the organic arsenicals, i.e., Neo-Salvarsan, Atoxyl, 
Tryparsamide, etc., are of high therapeutic value against Bartonella 
muris vatti. These drugs are, however, entirely ineffective against 
T. lewist. There is at present only one drug, i.e., Arsenophenylglycin, 
to which 7. lewist is susceptible and by which it can be destroyed 
when employed in doses as indicated below. The opinion of 
Taliaferro (mentioned by Stratman-Thomas and Loevenhart (1928), 
that Arsenophenylglycin is not active against 7. lewis: can only be 
explained by supposing that the preparations he used were not 
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identical with the ones employed by us (kindly placed at our disposal 
by the I. G. l'arbenindustrie-Elberfeld). Reichenow and Regendanz, 
and Kikuth and Regendanz, have for several years employed this 
drug for experiments with T. /ewisi and found it extremely efficacious 
even with doses of 0-10 grams to 0:17 grams per kilo body-weight. 
It is, therefore, easily possible to work with splenectomised rats in 
experiments of infections with 7. Jewist as the infection with 
Bartonella can be eliminated by, say, Neo-Salvarsan, which does not 
influence lewisi. 

In the work of Regendanz and Tropp, we have not called special 
attention to the fact, that the splenectomised rats have been treated 
with Neo-Salvarsan beforehand, for at the time we were making a 
statement on the sugar metabolism in Trypanosomiasis. But in a 
paper published at the same time by Regendanz and Kikuth, we 
mentioned this fact. Besides, we have always examined prepara- 
tions of rat blood stained with Giemsa’s solution, so that infections 
with Bartonella could not be overlooked. 

The question whether 7. /ewist can produce fatal infections in 
the rat, has kept turning up for years. Several experimenters 
who have been studying this form of trypanosomiasis intensively, 
have observed an occasional occurrence of pathogenic action. We 
need not go into the existing literature on the subject, which is 
well known. The strain of 7. /ewtst, with which we worked, had 
become so virulent by quick successive inoculations and cultivations 
in N-N-N-Agar, that even a non-splenectomised rat died of infection 
with this strain, as described by Reichenow and Regendanz. In 
the blood of this rat were dividing forms for eight days prior to its 
death, while normally the period of division is very much shorter. 

But it must also be observed, that even in non-splenectomised 
rats an infection with T. /ewist may activate an infection of Bartonella. 
Mayer observed in a normal rat infected with 7. lewis: the 
spontaneous appearance of Bartonella, having already (1g21) dis- 
covered Bartonella muris rattt in chemotherapeutical experiments in 
normal rats infected with pathogenic Trypanosoma (7. rhodes). We, 
too, observed the occurrence of a strong infection with Bartonella 
in a non-splenectomised rat as the result of an infection with 7. dewist. 
As the spleen forms protective substances against Bartonella infection 
in rats, as shown by Mayer, Borchardt and Kikuth, as well as against 
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infection with 7. dewist, as shown by Regendanz and Kikuth, the 
activation of Bartonella infection is thus brought about by the fact 
that the spleen, taken up with the production of antibodies against 
T. lewisi, fails to cope with the Bartonella infection. 

We have now examined the blood sugar of rats infected with 
Bartonella. The rats were splenectomised and after the blood had 
been strongly infected with Bartonella, we made the determination 
of blood sugar. The blood was obtained by decapitation and the 
glucose determined after Hagedorn- Jensen. 


I. 
Days Blood sugar 
I Splenectomy... 5 o + + |... | Sacrificed. Not fed for 20 hours. 108 
2 o 4 Sacrificed. Not fed for 20 hours. log 
| 
4 2} + | + |... | Died spontancously. 71 
| | 
for 22 hours. 2 


- Bartonella in the blood. 


As shown in the table, we only found a depression of the blood 
sugar level in animals which had died of infection with Bartonella 
(Rats 4 and 5). The examinations could be made immediately after 
the death of these rats. A depression of blood sugar did not exist 
in the three other rats infected with Bartonella (Rats 1, 2 and 3). 
Our results herein correspond with those of Linton. 

It must still be considered that, as Regendanz observed in 
Trypanosomiasis of large animals such as monkeys, there is a 
disturbance of the blood sugar metabolism during the course of the 
infection. That does not generally happen with rats, perhaps 
because in them the infection with trypanosoma takes too rapid a 
course to allow the onset of disturbances of organs controlling the 
glucose metabolism. Therefore, it may be that similar conditions 
exist in infections of rats with Bartonella. 
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CONCLUSION 


In rats dying of infections with Bartonella muris rattt there 
occurs a final hypoglycaemia. 

1rypanosoma lewist may sometimes have a pathogenic action 
on rats in which there is a final hypoglycaemia. 

It is easy to eliminate the Bartonella infection in splenectomised 
rats infected with 7. dewist by arsenical preparations, without 
influencing these latter parasites, as Bartonella and T. lewisi react 
differently to all known organic arsenicals except Arsenophenylglycin. 
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Lecturer on Sanitary Engineering . Proressor S. W. PERROTT ,M.Inst.C.E. 


Director of Museum . . . Vacant. 


Royal Infirmary, Liverpool 


Physician ‘ . . WARRINGTON YORKE, M.D., M.R.C.P. 

Assistant Physictan Vacant. 

Clinical Pathologist . , . FREDERICK MURGATROYD, M.D. 
Consulting Surgeon . . ROBERT ERNEST KELLY, C.B., F.R.C.S. 


The Manaos Research Laboratory 
Director . ° ° ° . HAROLD WOLFERSTAN THOMAS, M.D., C.M. 


Sierra Leone Research Laboratory 


Director " . ‘ . RUPERT MONTGOMERY GORDON, M.D. 
Assistant Director . Vacant. 
Research Assistants. MARION WATSON, M.B. 


E. P. HICKS, M.B. 
T. H. DAVEY, M.B. 


vi 


THE MARY KINGSLEY MEDAL 


This medal was struck in commemoration of the work of the late 
Miss Mary Kingsley in West Africa, and is conferred in recognition 
of distinguished scientific achievement. 


HONORARY RECIPIENTS 


Mrs. Pinnock 
Mr. William Adamson 
Professor William Carter 


Her Royal Highness Princess Christian 
Lord Lister 

The Right Hon. Joseph Chamberlain 
Prince Auguste d’Arenberg 


RECIPIENTS 


1917— 
Dr. Griffith Evans 


1905— 


Colonel Sir David Bruce, K.C.B. 
Geheimrath Professor Robert Koch 


Dr. A. Laveran 1919— 


Sir Patrick Manson, K.C.M.G. 
1907— 


Professor Danilewsky 

Dr. Charles Finlay 

Mr. W. M. Haffkine 
Professor Golgi 

Colonel Gorgas 

Professor Theobald Smith 


1910— 


Sir William Macgregor, G.C.M.G. 


Professor R. Blanchard 

Dr. Anton Breinl 

Professor Angelo Celli 

Dr. C. W. Daniels 
Surgeon-General Sir Alfred Keogh 
Colonel W. G. King 

Professor Nocht 

Professor G. H. F. Nuttall 
Major Leonard Rogers 

Professor J. L. Todd 
Surgeon-General Walter Wyman 


1913— 
Professor Fred. V. Theobald 


vil 


Dr. | W. Scott Macfie 
The Oswaldo Cruz Institute, Rio de 


Janeiro 


1920— 


Major E. E. Austen, D.S.O. 

Dr. A. G. Bagshawe, C.M.G. 

Dr. Andrew Balfour, C.B. 

Dr. A. L. G. Broden 

Mrs. Chalmers, in recognition of the 
work of the late Dr. A. J. Chalmers 

Professor B. Grassi 

Professor R. T. Leiper 

Professor F. Mesnil 

Dr. Edmond Sergent 

Dr. C. W. Stiles 

Dr. T. Zammit 


1929— 


Dr. G. Carmichael Low 

Dr. G. A. K. Marshall, C.M.G. 
Professor R. Newstead 

Dr. A. T. Stanton, C.M.G. 
Professor J. W. W. Stephens 

Dr. C. M. Wenyon, C.M.G., C.B.E. 
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THE ALAN H. MILNE MEDAL 


This medal was struck to commemorate the late Alan H. Milne, 


C.M.G., the first Honorary Secretary of the School (1899-1917), and 
is awarded twice yearly on the recommendation of the examiners 


for the Diploma in Tropical Medicine. 


1921— 
George Phillip Farmer Allen 


1922— 
Quintin Stewart 


1923— 
John Cecil Cruickshank 


1924— 


George Maclean 
Frederick John Carlyle Johnstone 
Bernard Langridge Davis 


1925— 
Khwaja Samad Shah 
Alfred Robert Davies Adams 
Alfred J. Hawe 


Vili 


1926— 


John McPhail Campbell 
Triloki Nath Varma 


1927— 
Alexander M. Gillespie 
Joseph Hector Pottinger 
Ragade Sanjiva Rao 
1928— 
Joseph Fine 


1929— 


Robert Erskine Anderson 
Aubrey Vernon Greaves 
Ian Cameron Middleton 


1930— 


Richard Green 
Thomas Wilson 
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NOTICE 


The following courses of instruction are given by the Liverpool 
School of Tropical Medicine each year :— 


(x) Two courses for the Diploma in Tropical Medicine, 
commencing on the Ist October, 1930, and the 5th January, 
1931. The D.T.M. examinations are held in December 
and March. 


(2) Two courses for the Diploma in Tropical Hygiene, 
commencing on the 23rd April, 1930, and the 12th January, 
1931. The D.T.H. examinations are held in March and 
July. 

(3) Two courses in Veterinary Parasitology, commencing on 
Ist October, 1930, and the 5th January, 1931. 


DIPLOMA IN TROPICAL MEDICINE 


This Diploma shall be awarded only to candidates who possess 
a qualification to practise Medicine recognised for this purpose by 
the University, and who present satisfactory certificates of having 
attended approved courses of study, and pass the prescribed 
examination. 


DIPLOMA IN TROPICAL HYGIENE 


This Diploma can only be taken by those who have already 
obtained the D.T.M. of the University of Liverpool. 


‘ The course for this Diploma will not be conducted unless 
at least five applications are received, and no application for 
admission can be considered later than December 21st and 
March respectively.’ 


FEES 
D.T.M. Course _... ... Twenty Guineas 
D.T.H. Course __... ... Ten Guineas 
Course in Veterinary Parasitology ... Fifteen Guineas 
Each Diploma Examination ‘i ... Five Guineas 


Fee for use of a School microscope during one term ... One Guinea. 


For prospectus and further information, application should be 
made to the Hon. Dean, School of Tropical Medicine, University of 
Liverpool. 
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of the University of Liverpool :— 


Date of 
Diploma 


1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 
1904 


1905 
1905 
1905 
1905 
190§ 
£905 
1905 
1905 
1905 
1905 
1905 
1905 


1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 
1906 


1907 
1907 
1907 
1907 


The following have obtained the Diploma in Tropical Medicine 


Diploma in Tropical Medicine 


Augustine, Henry Joshua 
Bennett, Arthur King 
Bruce, William James 
Byrne, John Scott 

Clayton, Thomas Morrison 
Dalziel, John McEwen 

Dee, Peter 

Greenidge, Oliver Campbell 
Hehir, Patrick 

Khan, Saiduzzafor 

Laurie, Robert 

Maclurkin, Alfred Robert 
McConnell, Robert Ernest 
Nicholson, James Edward 
Philipson, Nicholas 
Sharman, Eric Harding 
Thomson, Frank Wyville 
Walker, George Francis Clegg 


Anderson, Catherine Elmslie 
Brown, Alexander 

Caldwell, Thomas Cathcart 
Critien, Attilio 

Hooton, Alfred 

Hudson, Charles Tilson 
Illington, Edmund Moritz 
Macfarlane, Robert Maxwell 
Maddock, Edward Cecil Gordon 
Moore, James Jackson 
Nightingale, Samuel Shore 
Radcliffe, Percy Alexander Hurst 
Young, John Cameron 


Adie, Joseph Rosamond 
Arnold, Frank Arthur 

Bate, John Brabant 
Bennetts, Harold Graves 
Carter, Robert Markham 
Chisholm, James Alexander 
Clements, Robert William 
Dundas, James 

Faichnie, Norman 

Jeffreys, Herbert Castelman 
Mackenzie, Donald Francis 
Pailthorpe, Mary Elizabeth 
Palmer, Harold Thornbury 
Pearse, Albert 

Sampey, Alexander William 
Smithson, Arthur Ernest 
Taylor, Joseph van Someron 
Taylor, William Irwin 
Tynan, Edward Joseph 
Watson, Cecil Francis 
Willcocks, Roger Durant 
Williamson, George Alexander 


Allan, Alexander Smith 
Allwood, James Aldred 
Bond, Ashton 

Branch, Stanley 


Date of 
Diploma 


1907 
1997 
1907 
1907 
1907 
5907 
1907 
1907 
1907 
1907 


1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 
1908 


19°99 
1909 
1909 
1999 
tg09 
1999 
£999 


Collinson, Walter Julius 
Davey, John Bernard 
Donaldson, Anson Scott 

Fell, Matthew Henry Gregson 
Gann, Thomas William Francis 
Graham, James Drummond 
Hiscock, Robert Carroll 
Keane, Joseph Gerald 
Kennan, Richard Henry 
Kenrick, William Hamilton 

Le Fanu, George Ernest Hugh 
Mackey, Charles 

Maddox, Ralph Henry 
McCarthy, John McDonald 
Raikes, Cuthbert Taunton 
Ryan, Joseph Charles 
Vallance, Hugh 


Caverhill, Austin Mack 
Crawford, Gilbert Stewart 
Dalal, Kaikhusroo Rustomji 
Dansey-Browning, George 
Davidson, James 

Dickson, John Rhodes 
Dowdall, Arthur Melville 
Glover, Henry Joseph 
Greaves, Francis Wood 
Goodbody, Cecil Maurice 
Harrison, James Herbert Hugh 
Joshi, Lemuel Lucas 

Le Fanu, Cecil Vivian 
Luethgen, Carl Wilhelm Ludwig 
Mama, Jamshed Byramji 
McCay, Frederick William 
McLellan, Samuel Wilson 
Pearce, Charles Ross 
Schoorel, Alexander Frederik 
Smith, John Macgregor 
Stewart, George Edward 
Tate, Gerald William 
Whyte, Robert 


Abercrombie, Rudolph George 
Allin, John Richard Percy 
Armstrong, Edward Randolph 
Barrow, Harold Percy Waller 
Beatty, Guy 

Carr-White, Percy 

Chevallier, Claude Lionel 
Clark, William Scott 

Cope, Ricardo 

Fleming, William 

Hanschell, Hother McCormick 
Hayward, William Davey 
Henry, Sydney Alexander 
Innes, Francis Alexander 
Jackson, Arthur Frame 

Kaka, Sorabji Manekji 
McCabe-Dallas, Alfred Alexander Donald 


x 


Date of Date of 


Diploma Diploma 
1909 Meldrum, William Percy 1912 Christie, David 
1909 Murphy, John Cullinan 1912 Dillon, Henry de Courcy 
1909 Samuel, Mysore Gnananandaraju 1912 Dunn, Lillie Eleanor 
1909 Shroff, Kawasjee Byramjee 1912 Hardwicke, Charles 
1909 Thornely, Michael Harris Ig12 Jagose, Jamshed Rustomji 
1909 Turkhud, Violet Ackroyd 1912 Kochhar, Mela Ram 
1909 Webb, William Spinks 1912 McGusty, Victor William Tighe 
1g09 Yen, Fu-Chun 1912 Milne, Arthur James 
1912 Mitra, Manmatha Nath 
Brabazon, Edward 1912 Myles, Charles Duncan 
1g10 Castellino, Louis 1912 Pelly, Huntly Nevins 
Caulcrick, James Akilade 1912 Prasad, Bindeshwari 
1910 Dowden, Richard 1912 Prentice, George 
1g10 Haigh, William Edwin 1912 Ross, Frank 
1910 Hamilton, Henry Fleming 1912 Russell, Alexander James Hutchison 
1910 Hefferman, William St. Michael 1g12 Ruthven, Morton Wood 
1g10 Hipwell, Abraham 1g12 Sandilands, John 
1g10 Homer, Jonathan 1912 Seddon, Harold 
1910 Houston, William Mitchell 1912 Smalley, James 
1910 James, William Robert Wallace 1g12 Strickland, Percy Charles Hutchison 
tg10 Johnstone, David Patrick 1912 Watson, William Russel 
Korke, Vishnu Tatyaji 
1g10 Macdonald, Angus Graham 1913 Austin, Charles Miller 
1910 Macfie, John Wm. Scott 1913 Banker, Shiavux Sorabji 
1g10 Manuk, Mack Walter 1913 Becker, Johann Gerhardus 
1g10 Murison, Cecil Charles 1913 Carrasco, Milton 
1g10 Nanavati, Kishavlal Balabha 1913 Clark, James McKillican 
1910 Nauss, Ralph Welty 1913 Forsyth, Charles 
tg10 Oakley, Philip Douglas 1913 Grahame, Malcolm Claude Russell 
1gto0_ Pratt, Ishmael Charles 1913 Grieve, Kelburne King 
tgt0 Sabastian, Thiruchelvam 1913 Hargreaves, Alfred Ridley 
1g10 Shaw, Hugh Thomas 1913 Hepper, Evelyn Charles 
Sieger, Edward Louis 1913 Hiranand, Pandit 
1gt0 Sousa, Pascal John de 1913 Jackson, Oswald Egbert 
1910 Souza, Antonio Bernardo de 1913 Khaw, Ignatius Oo Kek 
1910 Waterhouse, John Howard 1913 MacKelvie, Maxwell 
1910 White, Maurice Forbes 1913 MacKinnon, John MacPhail 
1913 Macmillan, Robert James Alan 
tg1t Blacklock, Donald Breadalbane 1913 Mouat-Biggs, Charles Edward Forbes 
1911 Brown, Frederick Forrest 1913 Noronha, John Carmel 
1gtt Chand, Diwan Jai 1913 O’Connor, Edward 
1911 Holmes, John Morgan 1913 Olubomi-Beckley, Emanuel 
Ievers, Charles Langley 1913 Pestonji, Ardeshir Behramshah 
tgtt Iles, Charles Cochrane 1913 Puttanna, Dodballapur Sivappa 
1911 Ingram, Alexander 1913 Reford, John Hope 
1911 Kirkwood, Thomas 1913 Smith, Edward Arthur 
1g1t Knowles, Benjamin 1913 Stewart, Samuel Dudley 
tg1t Liddle, George Marcus Berkeley 1913 Walker, Frederick Dearden 
1gt1 Lomas, Emanuel Kenworthy 1913 Wilbe, Ernest Edward 
tgt1 Mackarell, William Wright 1913 Wilson, Hubert Francis 
1911 MacKnight, Dundas Simpson 1913 Yin, Ulg Ba 
1gtt Mascarenhas, Joseph Victor 1913 Young, William Alexander 
Murray, Ronald Roderick 
1911 Oluwole, Akidiya Ladapo 1914 Arculli, Hassan el 
1911 Rao, Koka Ahobala 1914 Chohan, Noormahomed Kasembha 
Igtt Sinton, John Alexander 1914 Connell, Harry Bertram 
1gt1 Tarapurvalla, Byramji Shavakshah 1914 Gerrard, Herbert Shaw 
1gt1 Taylor, John Archibald 1914 Gimi, Hirji Dorabji 
1911 Woods, William Medlicott 1914 Gwynne, Joseph Robert 
1914 Hodkinson, Samuel Paterson 
1912 Aeria, Joseph Reginald 1914 Jackson, Arthur Ivan 
1912 Anderson, Edmund Litchfield 1914 Kaushash, Ram Chander 
1912 Borle, James 1914 Kelsall, Charles 
1912 Bowie, John Tait 1914 Luanco y Cuenca, Maximino 
1912 Brassey, Laurence Percival 1914 Misbah, Abdul-Ghani Naguib 
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Date of 
Diploma 


1914 
1914 
1914 
1914 
1914 
1914 
1914 


gts 
915 
1915 
1916 
1916 
1916 
1916 
1916 
1916 
1916 


‘987 
1917 
1917 


1918 


1919 
1919 
1919 
1919 
1919 
1919 
1919 
1919 
1919 
1919 
1919 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 


1921 
192! 
192! 
1921 
1921 
1921 


Naidu, Bangalore Pasupulati Balakrishna 


Rowe, John Joseph Stephen 

Roy, Raghu Nath 

Shiveshwarkar, Ramchandra Vishnu 
Sur, Sachindra Nath 

Talati, Dadabhai Cursedji 
Wilkinson, Arthur Geden 

Wright, Ernest Jenner 


Lobo, John Francis 

Madhok, Gopal Dass 
Pearson, George Howorth 
Swami, Karumuri Virabhadra 
Wood, John 


Barseghian, Mesroob 
Chaliha, Lakshmi Prasad 
Lim, Albert Liat Juay 
Lim, Harold Liat Hin 
Metzger, George Nathaniel 
Sdderstrém, Erik Daniel 
Wheeler, Louis 


Chapman, Herbert Owen 
Krishnamoorthy, Yedatore Venkoba 
Lipkin, Isaac Jacob 


Watts, Rattan Claud 


Bowle-Evans, Charles Harford 
Burnie, Robert McColl 
Celestin, Louis Abel 

Cummings, Eustace Henry Taylor 
Darling, Georgina Renington 
Drake, Joan Margaret Fraser 
Fraser, William James 

Gordon, Rupert Montgomery 
Krige, Christian Frederick 
Maplestone, Philip Alan 

Oluwole, Isaac Ladipo 
Rustomjee, Khusshuyee Jamesidjee 
Sawers, William Campbell 
Thompson, Mary Georgina 
Turner, Gladys Maude 

Young, Charles James 


Adler, Saul 

Anderson, William Jenkins Webb 
Campbell, George 

Cobb, Charles Eric 

Cobb, Enid Margaret Mary 
Connolly, Evelyn Mary 
Fernandez, Daniel David 

Lim, Chong Eang 
McHutcheson, George Browne 
van der Merwe, Frederick 
O'Farrell, Patrick Theodore Joseph 
Renner, Edowo Awunor 
Vaughan, James Churchwill 
Waller, Harold William Leslie 


Allen, George Phillip Farmer 
Corfield, Charles Russell 
Hamid, Abdul 

Longhurst, Bell Wilmott 
Macvae, George Anthony 
Madan, Hans Raj 

Mulligan, William Percival 


Date o 


Diploma 


1921 
1g21 
1921 
1921 


1922 
1922 
1922 
1922 
1922 
1922 
1922 
1922 
1g22 
1922 
1922 
1922 


1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 
1923 


1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 
1924 


1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 


Nixon, Robert 

Richmond, Arthur Stanley 
Shri Kent, Shamsher Singh 
Skinner, James Macgregor 
Stewart, Robert Bell 
Thomson, Marion 


Bhatia, Jagat Ram 

Cohen, Morris Joshua 
Crawford, Andrew Clemmey 
Gilmore, Edward Raymond 
Gracias, Cajetan Manuel 
Jennings, Arthur Richard 
Lethem, William Ashley 
Paul, Sachchidananda Hoshen 
Pinder, John 

Rieley, Stanley Desmond 
Rutherford, Gladys 

Stewart, Quintin 


Abelman, B. 

Basu, Dhirendranath 
Cruickshank, John Cecil 
Doherty, Winifred Irene 
Edghill, Winifred M. 
Elsohn, John 

Fraser, N. D. 

Lee, R. 

Pierce, E. R. 

Raja, Rojaporum 

Reid, C. B. B. 
Richmond, A. E. 
Steven, J. B. 

White, Charles Francis 


Bilimoria, H. S. 
Carson, J. C. 
Chopra, B. L. 
Davis, B. L. 

Hardy, M. J. 
Jennings, C. B. 
Johnstone, F. J. C. 
Keirans, J. J. 

Lee, S. W. T. 
Macdonald, G. 
Maclean, G. 
Mathur, W. C. 
Mitchell, J. M. 
Owen, D. Uvedale 
Palmer-Jones, Beryl 
Sankeralli, E. J. 
Singh, H. 

Theron, Elizabeth M. 


Adams, Alfred Robert Davies 
Ashton, Frank Richard 
Ashworth, Esther 
Bamford, Charles Walker 
Beinashowitz, Jack 

Black, John 

Clark, George 

Coghlan, Bernard A. 
Collier, Ivy 

Crawford, E. J. 
Cumming, Patrick Grant 


Date of 
Diploma 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 
1925 


1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 
1926 


Ellam, Mary Muriel 
Fisher, Morris 

Green, Frederick Norman 
Grutu, M. S. 

Hawe, Albert J. 

Jafri, Z. H. 

Johnstone, Elvy I. 

Kerr, James R. 

Mackay, Donald M. 
Mackay, E. K. 

Makkawi, M. 

Maldonado, Leopoldo Garcia 
Mar, Severo Francisco 
Mozoomdar, B. P. 

Shah, Khwaja Samad 
Skan, Douglas A. 

Stone, Ernest R. 

Terrell, C. G. 

Tooth, Frederick 

de Waal, Jacobus Johannes 


Aitken, W. J. 
Ashworth, A. 
Austin, T. A. 
Bansikar, R. N. 
Besson, W. W. 
Bligh-Peacock, R.N. 
Bolton, Effie G. 
Boodrie, E. H. 
Brito-Mutunayagam, M. A. B. 
Campbell, J. McP. 
Cullen, T. 

Davies, H. E. 
Dias, B. G. V. 
Doherty, H. A. A. 
Don, E. G. 

Earl, J. C. St. G. 
Fletcher, Beatrice N. 
Fowler, H. P. 
Fowler, Isabella J. 
Hamilton, J. 
Hodgkinson, Katharine M. 
Jackson, R. 
Kamakaka, K. H. 
Kennedy, J. H. 
Khatri, L. D. 
Lennox, D. 

Lewis, A. J. 
McConn, C. F. 
Mackay, A. G. 
McLean, N. 
MacSweeney, M. 
Malhautra, K. L. 
Malik, S. B. 
Manuva, S. L. A. 
Merchant, M. E. 
Mitchell, W. H. 
Molony, E. F. 
Nashikkar, S. G. 
Oppenheimer, F. 
Ormiston, W. S. 
Paterson, F. S. 
Patterson, F. L. 
Pouri, V. 

Quigley, L. D. 
Robertson, A. 


Date of 

Diploma 
1926 Rodrigues, N. 
1926 Sachdev, A. S. 
1926 Singh, B. 
1926 Singh, J. 
1926 ‘Talib, S. A. 
1926 Tan, C. L. 
1926 Taylor, Catherine F. 
1926 Turnbull, N. S. 
1926 Turner, J. G. S. 
1926 Vardya, B. K. 
1926 Varma, T. N. 
1926 Voigt, C. 
1926 Wasti, S. N. 


1927 Allen, C. P. 

1927 Bahl, M. L. 

1927 Barrowman, B. 
1927 Bawa, H. S. 

1927 Bilimoria, J. D. 
1927 Burns, W. M. 

1927 Daly, E. J. 

1927 Dunlop, G. A. 
1927. Dyream, V. 

1927 Evans, R. R. 

1927 Farid, M. 

1927. Gillespie, A. M. 
1927 Gunawardana, S. A. 
1927 Harkness, J. 

1927 Hay, R. 

1927 Hodivala, N. M. 
1927 Hughes, Emma 
1927. Hyslop, Kathleen M. 
1927 Ingram-Johnson, R. E. 
1927 Kapadia, J. S. 

1927. Khan, F. A. 

1927. Khan, M. M. 

1927 Labuschagne, P. N. H. 
1927 Laird, W. J. 

1927. Lewin, B. F. 

1927 Macdonald, J. 

1927. McElroy, R. S. 
1927 Maclay, W. S. 

1927 Maguire, H. G. 
1927 Mahaffy, A. F. 
1927 Malhotra, A. H. 
1927 Malhotra, A. L. 
1927 Manghirmalani, B. S. 
1927. Meek, A. I. 

1927. Mehra, J. N. 

1927 Mehta, H. C. 

1927. Menon, M. V. 

1927 Miller, H. V. R. 
1927. Mokand, S. N. 
1927 Murgatroyd, F. 
1927 Murray, A. J. 

1927 Murray, Pauline V. 
1927 Nevin, H. M. 

1927 Nirula, P. N. 

1927 Olusoga, N. T. 
1927. Parakh, D. B. 

1927 Peters, D. O. 

1927 Peters, M. R. 

1927 Pottinger, J. H. 
1927 Rao, R. S. 

1927 Rodriguez, G. V. S. 
1927 Shah, S. R. A. 
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Date of 

Diploma 
1927 
1927 
1927 
1927 
1927 
1927 
1927 


1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 
1928 


Singh, H. 

Southward, J. F. 
Sturton, S. D. 
Thompson, Frances C. 


de Villiers, B. J. van de S. 


Walkinshaw, R. 
Wilkinson, S. A. 


Ahluwalia, C. L. 
Aidin, A. R. 
Anand, J. S. 
Askari, S. W. H. 
Beveridge, Ruby S. 
Biswas, M. K, 
Blakemore, W. L. 
Camps-Campins, J. M. 
Chacko, M. O. 
Chopra, A. N. 
Chaudhuri, J. P. 
Choudari, K. V. R. 
Cranage, Margaret 
Dhala, C. H. 
Dhar, K. K. 
Dikshit, H. K. 
Everard, N. J. 
Fine, J. 

Ghei, A. N. 
Halawani, A. 
Henshaw, L. E. R. 
Hilmy, I. S. 
Holmes, W. E. 
Hope-Gill, C. W. 
Kane, F. 

Katial, C. L. 
Khan, F. M. 
Krishna, R. 
Lawrence, H. S. 
Lawrence, M. R. 
McLaren, D. W. 
Malhotra, B. D. 
Mallick, B. D. 
Mason, Jean R. 
Menon, E. S. R. 
Milne, J. 
Mitchell, A. 
Mone, R. V. 
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ON A NEW SPECIES OF 
EIMERIA SOUTHWELLI) FROM 


AETOBATIS NARINARI 


BY 


AHMED HALAWANI, Dr. med. (Wirzburg), D.T.M., D.T.H. 


(From the Department of Parasitology, Liverpool School of Tropical 
Medicine) 


(Received for publication, 7 November, 1929) 


The odcysts of the new species of Eimeria described below were 
found in the spiral valve of two specimens of intra-uterine embryos of 
Aétobatis narinari, caught on the Ceylon Pearl Banks (g October, 
1920). ‘hese specimens were kindly given to me for investigation by 
Dr. T. Southwell, F.R.S.E. 

The odcysts, which were found in large numbers, are of various 
shapes, 1.e., they are polymorphic. The immature ones have, in 
most cases, a pear-shaped appearance. During development they 
gradually become more and more elongated and uniform in diameter. 
The bulbous end of the pear decreases at each stage of development ; 
the great majority of the mature odcysts are cylindrical bodies with 
rounded extremities. Only in a very few cases does the odcyst, 
when it contains four sporoblasts, retain the bulb, and then only toa 
slight degree. Small spherical immature odcysts were occasionally 
seen. 

Measurement of the odcyst. The length of the odcyst in its 
various stages ranges from 15 to 50m, but these two extremes are 
rather rare. The average length is about 30 and the breadth 12y. 
The pear-shaped odcysts have a diameter of about 20u at the broad 
end and from I0u to I2m at the narrow extremity. The mature 
odcyst ranges in size from 25 to 50u; its average length is 38u 
and its breadth 12w. 

The odcyst is colourless and transparent ; its wall shows a double 
contour, and has a thickness of about 2u. 
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The immature odcyst, in most cases, contains the zygote as an 
unsegmented spherical body situated in the bulbar extremity, 
immediately beneath the cyst wall. There are usually from one to 
three spherical refractile bodies, each of which has an average 
diameter of 7” or 8 A residual mass is usually present in the 
immature odcyst. It often disappears from the odcyst as the latter 
matures. 
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Fic. 1. Eimerta southwellt a.—An immature pear-shaped oocyst containing a large 
spherical zygote and a refractile body ; 6.—An immature odcyst retaining its hind bulb to a slight 
degree ;_ c.— an odcyst in which the cytoplasm is dividing — d. to g.—Odcysts which are more or less 
cylindrical and each of which contains four sporoblasts 4.—A fully-mature ocyst ; the sporocysts 
are oval in shape; #.—An immature odcyst as seen in optic section. 


As mentioned above, in the great majority of cases the mature 
oécyst is cylindrical, but in other cases it may be sausage-shaped. 
The sporoblasts are arranged lengthwise, end to end, sometimes in 
pairs and sometimes in a chain. The young sporoblasts are at 
first conical but later on become almost spherical ; occasionally they 
contain small, refractile, residual bodies. The sporocysts are oval 
and measure from 10m to 124 in length. 

A micropyle could not be seen, but in one immature odcyst a small 
narrowing of the odcystic wall appeared to indicate its position at 
one end. 

In order to investigate the extent of the infection in the tissues of 
the host, a series of sections of the liver and gut were stained with 
Heidenhain’s Iron Haematoxylin and Meyer’s Haemalum. The 
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two intra-uterine embryos submitted for examination had been 
preserved intact in formalin since g October, 1920. 

Microscopically the whole of the liver structure was completely 
broken down. It could not be decided whether this was due to 
massive infection with the parasite or to bad preservation of the 
tissue. Most probably it was due to both. The epithelium of the 
bile ducts and the liver cells were destroyed to such an extent that it 
was difficult to make out their structure definitely. In some parts 
collections of immature odcysts and cell debris were found in small 
cavities. 

The same picture of cellular disintegration as presented by the 
liver was also seen in sections of the gut. The greater part of the 
tissue was destroyed and this was associated with the presence of 
odcysts, some of which were embedded in the tissue. 

As far as I am aware no species of the genus Eimeria has been 
recorded previously from this host in any locality, and only two 
species have hitherto been obtained from Elasmobranch fishes, 
namely : 

1. E. lucida Labbe, 1893 ; from Mustellus cams, Scyllium stellare, 
and Acanthtas acanthias (odcysts to I1p). 

2. E. gigantea (?) Labbe, 1896; from Lamna cornubica (odcysts 
70H). 

As the odcyst in our species differs in size and morphology from 
the above two, I therefore consider that it is a new parasite, for 
which 1 propose the name Eimeria southwelli. 

How the infection is acquired by the intra-uterine embryos is an 
interesting matter. Most probably the odcysts, which develop to 
maturity inside the host in the case of cold-blooded animals, were 
conveyed from the mother to the embryos via the cloaca, vagina, 
and uterus of the former. 

I must express here my indebtedness to Dr. T. Southwell, 
F.R.S.E., for presenting me with the material, and for his valuable 
help and criticism. 
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I. INTRODUCTION 


In a previous paper, Blacklock and Gordon (1927) gave an account 
of the experimental production in guinea-pigs of immunity to an 
insect parasite, Cordylobia anthropophaga. Since the publication of 
that paper the existence of a definite immunity to certain parasites 
belonging to the metazoa has been recognised and interesting results 
have been published. For example, Sandground (1928), who carried 
out extensive experimental investigation with the nematode parasite 
Strongyloides stercoralis, has demonstrated that immunity against 
this parasite can be acquired. Similarly, Stoll (1928) has shown 
that there can occur an immunity on the part of sheep against 
another nematode parasite, Haemonchus contortus. Both authors 
are dealing with an immunity acquired as a result of infections 
produced experimentally through the natural channels. In the 
paper on Cordylobia referred to above, there were recorded some 
experiments on attempts to produce artificial immunity by the 
application in various ways of larvae or extracts of larvae; of 


* This experimental work has been carried out with the assistance of a grant from the Empire 
Marketing Board. 
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these experiments a few were successful in producing immunity in the 
areas treated. Since that time we have performed numerous 
experiments involving the treatment of several hundred guinea-pigs 
and rats, with the aim of discovering some simple and readily 
applicable method of producing the immunity by artificial means. 
Over forty animals have been treated for more or less prolonged 
periods by injection of antigen prepared from (i) First instar larvae, 
and (ii) Third instar larvae—(a) Salivary glands, (6) Gut, (c) Cuticle, 
(ad) Haemocoele fluid, (e) Excreta. Of the forty animals treated, 
twenty-three survived throughout the course of the injections and 
the subsequent incubation and observation periods; of these 
twenty-three animals only three developed complete immunity of the 
areas of skin treated. 

The amounts and methods of administration of the antigen 
required to produce the immunity in the case of these animals were 
as follows :-— 

1. ANIMAL NO. 127. Received by intracutaneous injection 
230 first instar larvae in 5 injections extending over a 
period of 32 days. 

2. ANIMAL No. 129. Received by intracutaneous injection 
the ground-up cuticle of 42 third instar larvae in 6 
injections, extending over a period of 30 days. 

3. ANIMAL No. 130. Received by intracutaneous injection 
521 first instar larvae in 5 injections extending over a 
period of 28 days. 

Repeated controls, using for similar injections equal quantities of 
the vehicle employed, i.e., normal saline or 50 per cent. glycerine, 
proved ineffective, the normal number of larvae developing on 
animals treated with such injections. It should be mentioned that 
although only three animals were rendered completely immune by 
injections, it was observed that many of the animals showed a 
relative immunity after treatment by injection of antigen. 

At the same time that the series of injections designed to produce 
artificial immunity was being carried out, numerous animals were 
rendered immune by the process of allowing larvae to penetrate the 
skin and develop. The results of long series of such applications of 
larvae conformed exactly to our previous findings, complete immunity 
being produced with almost unfailing regularity; with equal 
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regularity the control animals permitted the full development of the 
usual proportion of larvae. 

Guinea-pigs of local origin, as we pointed out previously, enjoy a 
relative immunity against Cordylobia. We recorded that whereas 
59 per cent. of larvae survived to the sixth day on imported English 
guinea-pigs, only 33 per cent. of larvae survived in local guinea-pigs 
for this period. We considered it advisable to continue the observa- 
tion of imported and local guinea-pigs as this difference in the 
susceptibility of imported and local guinea-pigs doubtless bears some 
analogy to the partial immunity, frequently referred to in the 
literature, against hypoderma in endemic areas. The figures most 
recently obtained confirm our previous findings. Thus, of 215 first 
instar larvae placed on imported English guinea-pigs, 122, that is 
57 per cent., survived the observation period of 6 days, whereas of 
413 larvae placed on local guinea-pigs, only 120, that is 29 per cent., 
survived. We concluded in our previous paper that this relative 
immunity was due to previous infection of local guinea-pigs by 
Cordylobia larvae, but we were not at that time successful in demon- 
strating the truth of this theory by any laboratory tests. Since then, 
however, we have discovered that a precipitinogen which reacts 
with the serum of previously infected animals is present in the 
haemocoele fluid and the excreta of the third instar larva: this 
precipitin test differentiates sharply animals which have been 
infected previously from animals which have not been so infected. 
The application of this test has demonstrated that the relative 
immunity of local races of guinea-pigs is due to a former infection 
with Cordylobia. 

The discrepancy between the results obtained by the application 
of small numbers of living larvae on the one hand, and the injection of 
large amounts of dead larval antigen on the other, suggested strongly 
that the living larva during its existence as a parasite in the host 
supplies the antigenic substance necessary to immunity in a more 
potent form or in greater amount than we do by the injection of any 
save quite impracticable quantities of antigen prepared from dead 
larvae or portions of larvae. 

The situation at this time, therefore, was that an immunity, 
readily enough produced by imitating closely the natural mode of 
infection, could be produced only exceptionally by artificial means. 
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Not only so byt the antigens, even in their most concentrated form, 
represented a large quantity of injection material, the preparation 
of which involved for. each animal treated a quite uneconomic 
expenditure in time and labour. 

Failing to obtain satisfactory artificial immunity by the vaccina- 
tion of animals with crude and bulky material, we undertook a more 
detailed biological study of the larva in its various instars in the 
hope that this would eventually lead us to an understanding of the 
principles upon which the immunity depends. The methods used 
and results obtained are detailed below. 


II. TECHNIQUE 


Dissection of the larva. 


All dissections were carried out with the aid of a dissecting 
microscope, even in the case of large third instar larvae. Owing to 
the close relationship of the salivary glands and portions of the 
malpighian tubes, and also to the denseness of the branching of the 
tracheal system adhering to them, it is difficult to extract the salivary 
glands intact without a somewhat elaborate dissection. Two 
circular incisions are made round the entire larva, one at the cephalic 
end and the other as close to the anus as possible. These circular 
incisions are connected by a ventral incision and the flaps reflected. 
The salivary glands having been removed all the other portions of 
the larva can be easily isolated. In the case of first instar larvae 
it is as a rule sufficient to nick the cuticle on both sides in the region 
of the third segment, using very fine needles (e.g., Kirby, No. 14) and 
then to exert traction on the cephalic portion of the larva with one 
needle while fixing the caudal portion with the other; by this 
method the salivary glands generally come out entire attached to the 
cephalic extremity. 


Method of obtaining the haemocoele fluid. 


In order to open the haemocoele cavity without injury to the gut 
and other internal organs, two spatulate needles were employed to 
press away the gut from the body wall; an incision with a sharp 
knife was then made between the needles through both layers of the 
skin (fig. 1). When the incision is made with these precautions, 
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not only is the gut uninjured, but also the flow of haemocoele fluid 
from the cut can be very accurately controlled. The fluid does not 
escape through the incision until the pressure of the two flat needles 
is released, and according to the degree of relaxation of the pressure 
the flow can be graduated. 


Fic. 1. 


If it is desired to gain access to any special portion of the gut, 
the haemocoele cavity is incised and tapped in the position 
corresponding to the section of the gut required, and after the 
haemocoele fluid has drained off, the gut is allowed to prolapse 
through the incision. 


Sterile dissection of larva. 


The exterior of the larva was sterilized when it was necessary to 
obtain haemocoele fluid or gut free of outside contamination. Using 
the technique described above, the area of larval skin stretched 
between the two needles was seared above and below with a hot blade. 
After the blade had passed between the upper surface of the slide and 
the under surface of the larva, the latter was made to adhere to the 
slide by pressure of the hot blade. The incision could then be made 
with aseptic precautions and haemocoele fluid or gut obtained with 
minimal danger of external contamination. 
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In cases where more extensive aseptic dissection was necessary, 
the entire larva was washed well in running water, immersed for 
half-an-hour in a 2 per cent. aqueous solution of perchloride of 
mercury, washed thrice in sterile normal saline solution and dissected 
with aseptic precautions on a sterile slide. The last saline used for 
washing was tested for sterility ; it was also tested for the presence of 
mercury, using Nessler’s keagane ind ring technique, which proved 
capable of detecting mercury in a dilution of 1-20,000. The 
haemocoele fluid of larvae which had been sterilized externally in 
this way was frequently tested for the presence of mercury, but none 
was ever found. 


Preservation of material. 


In the case of haemocoele fluid most frequently no preservative 
was necessary, as the material was generally used fresh. In our 
preliminary experiments with enzymes, the tissue was ground with 
fine sand specially prepared by treatment with nitric and hydro- 
chloric acids, and subsequent prolonged washing and then drying. 
The tissue having been ground in this prepared sand, the resultant 
mass was dried in a dessicator. When required for use a portion 
of this mass was re-ground with normal saline solution and centri- 
fuged ; the supernatant fluid was pipetted off and used for the test. 
This method of preserving tissue was abandoned, as some of the 
enzymes preserved in this way quickly lost their potency. In our 
later work the larva was dissected in normal saline and the required 
organs were transferred to a minute amount of 50 per cent. glycerine, 
in which they were kept until a sufficient number had been collected. 
They were then ground in a Hayden’s bacterial mill and the resulting 
emulsion was stored on ice. From this concentrated suspension a 
small quantity was removed and diluted as required with normal 
saline solution. In all cases the final concentration of glycerine in 
the diluted fluid was very small. This method of preservation was 
found satisfactory for enzyme work, as no inhibition of enzymes 
attributable to the glycerine was noted in such dilutions. 


III, PHYSIOLOGICAL INVESTIGATION OF LARVAL TISSUES 
AND FLUIDS 


For the identification and estimation of enzymes we chiefly followed 
the techniques of Swingle (1925) and Wigglesworth (1927 and 1928). 


I. SALIVARY GLANDS. 


The reaction of the salivary glands was found to be pH 7:3 to 8-o. 
Enzymes of the salivary glands. The only enzymes found by us 
in any notable amount in the salivary glands of Cordylobia 
larvae were (1) Amylase, and (2) Invertase. 
(1) Amylase. 

Technique of investigation. The glycerinated glands were 
ground to a fine emulsion which then diluted with normal saline. 
The method of demonstrating the presence of this enzyme consisted 
of incubating at 37° C. a mixture comprising : 

(1) Ground salivary gland emulsion of third instar larvae, 
0-5 c.c., 5 units (the glands of 1 larva = 1 unit). 

(2) Substrate (2 per cent. starch solution), 0-5 c.c. 

(3) Buffer solution, 0-5 c.c. (pH 6-8). 

A control inactivated by heat was put up in each case. The 
incubating mixture was sampled at intervals by removing 0-2 c.c. and 
testing with iodine solution for the presence of starch and with 
Benedict’s solution for the presence of reducing sugars. 

Results. In all experiments with the salivary glands the 
presence of amylase was readily demonstrated. Using the quantities 
given above the end point of the amylolytic reaction as judged by the 
starch iodine test was reached as a rule within twenty-four hours. 


Effects of guinea-pig serum on amylase. 


Owing to the difficulty of obtaining salivary gland amylase free 
from admixtures and also to enable us to use large quantities for 
injection in the subsequent attempts at the production of anti- 
enzymes the tests of the effect of guinea-pig serum on amylase were 
carried out with commercial amylase (Martindale). 

The serum of guinea-pigs did not exert any inhibitory effect on 
commercial amylase. On the contrary we found that normal guinea- 
pig’s serum augmented the velocity of the amylolytic reaction. 
Further investigation showed that there exists in guinea-pig serum 
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an appreciable amount of amylase. The results obtained by 
incubating amylase, amylase and heated serum, and amylase and 
unheated serum with the starch substrate are shown in Graph I. 


heated seruit 
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Reducing 
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GraPH I. SHOWING THE PRESENCE OF AMYLASE IN GutNnga-Pic Serum. 


Attempts to produce antiamylase in guinea-pigs. 

Attempts to produce antiamylase in guinea-pigs by the injection 
of commercial amylase did not prove successful. The injections were 
made intraperitoneally in amounts varying from 0-1 c.c. to 4-0 c.c., the 
largest total amount injected being Io c.c. in four injections. No 
ill effects from the injections were noted. 


(2) Invertase. 


Technique. 


The following mixture was incubated at 37° C. 


Ground salivary gland emulsion of third instar larvae, 0-5 c.c., 
5 units (the glands of 1 larva = £ unit). 


Substrate (2 per cent. sucrose), 0-5 C.c. 
Buffer solution, 0-5 ¢.c.( pH 5). 
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As before, 0:2 c.c. amounts were withdrawn from the incubating 
mixture at stated intervals and tested for the presence of reducing 
sugars by Benedict’s method. 


Results. 


The occurrence in the salivary glands of Cordylobia of a powerful 
invertase was demonstrated in all the experiments. 


Effects of guinea-pig serum on invertase. 


Commercial invertase was used ; no evidence was obtained of the 
presence of invertase in the serum of guinea-pigs; nor did the serum of 
guinea-pigs exert any inhibitory action on the invertase used. Ina 
few experiments, however, it was noted that serum appeared to have 
a definite accelerating effect when dilute solutions of invertase 
were used. 


Attempts to produce anti-invertase in the serum of guinea-pigs. 


Injection of commercial invertase into the peritoneal cavity of 
two guinea-pigs did not result in the appearance of any anti-invertase. 
The dosage varied from 0-2 c.c. to 5 c.c. ; the total amounts injected 
were 6:2 c.c. in two injections and 6 c.c. in seven injections. 

Repeated tests for maltase, lactase, pepsin and tyrosinase were 
negative ; trypsin and erepsin were found in mere traces after 
thirty-six hours’ incubation. Thus amylase and invertase were the 
only two enzymes found in considerable amount in the salivary 
glands ; no inhibitory effect on these enzymes by either normal or 
immune guinea-pig serum was observed ; further, no antienzymes 
could be produced by injection of the corresponding commercial 
enzymes. 

In our previous paper we referred to the possible utilization by the 
first instar larva of the salivary secretion as an aid to penetrating 
the stratum corneum of the host. Sitovosky (1905) showed that the 
larva of the clothes moth was capable of digesting keratin, and it 
occurred to us that the salivary secretion of Cordylobia besides being 
a lubricant, might contain some enzyme endowed with similar powers. 
Experiments were carried out with salivary glands, using as a 
substrate, skin peelings from a case of sunburn. The incubated 
mixtures showed no rise in acidity with Sorensen’s method. 


| 
| 
by: 
> 
| 
+ 
x 
5 
| 


14 
Other properties of the salivary glands. 


Toxicity. It was observed that subcutaneous injection of 
salivary glands into guinea-pigs resulted in a very severe local and 
general reaction. The results of injection of salivary glands are 


shown in Table I below. 
Tasre I. 


Showing results of subcutaneous injection into guinea-pigs of the salivary glands of the third 
instar larva of Cordylobia anthropophaga. 


Number of injection and number of larvae 


Number of of which the glands were injected | 


| 
animals | Result 
} 
I 3 4 4 6 
| | 
I 2 | 34 x 64 n | 6 Lived. 
2 2 ns Died, 7 days. 
3 24 4 43 Lived. 
4 3 4 6 Lived. 
| | 


* Glands boiled for ten minutes before being injected. 


Controls of equal bulk of normal saline and 50 per cent. glycerine 
were found to be non-toxic, although a slight transient local reaction 
to 50 per cent. glycerine was noted. Even one gland produced a 
definite local reaction with swelling and oedema, while on two 
occasions injection of the glands of four and six larvae respectively 
resulted in the death of the animals within twenty-four hours. In 
no case was it possible to inject as a first dose the untreated glands 
of four or more larvae into a guinea-pig without causing death. On 
the other hand, by proceeding with graduated doses, complete 
immunity to the toxin was readily obtained. In such animals the 
subsequent injection of the glands of six third instar larvae usually 
produced no reaction whatsoever, local or general. 

The toxin in the salivary glands is destroyed by boiling for ten 
minutes, as shown in the case of animal No. 8 in the table; here 


s 
/ 


the glands of six larvae were injected as a first dose without marked 
reaction. 

The observations of Schwartz (1923) on the toxin of Ascaris 
vitulorum showed that saline extracts of this nematode contained a 
toxin which was thermostable to the extent that it could be brought 
to boiling point without losing its toxicity. 

No haemolysin, haemagglutinin or coagulin was found ; an anti- 
coagulin which delays clotting for considerable periods is still under 
investigation. 

Precifitin. The serum of normal guinea-pigs, immune guinea- 
pigs and of guinea-pigs previously vaccinated with large doses of 
salivary gland emulsion gave no _ precipitin reaction when 
subsequently tested with salivary gland antigen. 


Eostnophilia. 

Salivary glands were injected subcutaneously into guinea-pigs in 
varying amounts. In some cases a single injection, in others a 
total of two or three injections and in others a long series of injections 
were given. Among the Jast group of guinea-pigs, one received the 
glands of thirty-seven, and another those of forty-two third instar 
larvae ; in no case was any increase of the eosinophil percentage 
observed. 


Immunizing properties of salivary glands. 

The guinea-pigs referred to under eosinophilia were all tested for 
immunity by the application of living larvae. In no case was 
definite immunity established by the injection of salivary glands. 


I]. THE Gut. 

lor the purpose of these investigations the gut was considered in 
three portions : (1) Foregut, extending from the oral aperture to just 
above the enteric caeca; (2) The midgut, from above the caeca to 
immediately above the insertion of the malpighian tubes ; (3) The 
hindgut, including the malpighian tubes to the anus. 


(1) Foregut. 


Enzymes. 


Technique and results. As it was not feasible to weigh the 
different tissues dissected we cannot express our results quanti- 
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tatively. The findings as regards the relative concentration of the 
enzymes are not strictly comparable, because the incubating tubes 
did not contain equal weights of the glands, foregut, midgut, or other 
organ under observation; the tubes did however contain equal 
numbers of these organs. 

Both amylase and invertase were found in the foregut, but in 
very weak concentration. The effects on amylase and invertase of 
guinea-pig serum have already been mentioned under salivary glands, 
as have also the negative results of efforts to produce antienzymes 
and the lack of immunizing power. No maltase, lactase, pepsin, 
trypsin or tyrosinase was discovered in the foregut. Erepsin in 
faint traces was found. 

Other properties of the foregut. 

No haemolysin, coagulin, anti-coagulin or agglutinin was found 
in the foregut. In the study of precipitins, eosinophilia, toxicity 
and immunizing properties, the foregut was not treated separately 
from the rest of the intestinal tract. 


(2) Midgut. 

Reaction. The pH of the midgut was found to vary between 
6-7 and 7°8. 

Enzymes. The presence of amylase, invertase, maltase, 
trypsin, erepsin and lipase was demonstrated. Pepsin and tyrosinase 
were not found. 

Technique. The methods used for detecting the presence of 
amylase and invertase have already been described. 

Maltase. This ferment was tested for by digestion of maltose, 
the product being identified by the glucosazone crystal test and 
Barfoed’s reagent. 

Trypsin. Early experiments were unsatisfactory because the 
mixtures were not constantly shaken at the required temperature. 
The tubes were later incubated in a shaking apparatus kept at a 
constant temperature of 37°C. This apparatus, described to us by 
Dr. V. B. Wigglesworth, consisted of a tube carrier made of wire 
gauze fixed on a pivot in an agglutination bath. This carrier was 
provided with a vertical metal arm connected with a see-saw balance 
actuated by a water drip. The shaking of the mixture was found 
to increase the degree and velocity of the enzyme reaction. The 
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first method of estimating tryptic activity which we employed 
was the fibrin congo red method of Roaf; this was found to give 
inconstant results, the heated control frequently parting with the 
dye before the experiment was terminated ; we therefore gave up this 
method. The casein method of Fuld and Gross, after preliminary 
experiments, was also abandoned in favour of Sorensen’s method, 
by which the formol acidity was determined. 

The estimations were made as follows :—Solutions required : 
(1) Formalin, 50 per cent., i.e., ordinary 40 per cent. commercial 
formaldehyde plus an equal volume of water, rendered neutral with 
NaoH ; (2) Phosphate Buffer solution at pH 8-3; (3) Standard 
colour indicator. For this, Clarke and Lubs Borate Buffer pH 9:0 
was used (5 c.c. Borate Buffer and 5 drops, delivered from a standard 
pipette, of 0-05 per cent. Phenolphthalein in 50 per cent. alcohol). 
This standard indicator was kept in the dark and made up fresh 
every three or four days; (4) Gelatin, 10 per cent., stored sterilely 
in small ampoules. 

Two tubes, one containing heated trypsin and the other unheated 
trypsin were put up as follows :— 


Solution Tube I Tube II 

Tissue emulsion ¢.c., unit) ... O°5 
Unheated Heated in boiling bath, 1 hour 

10 per cent. Gelatin ... | O°5 

Phosphate Buffer, pH 8-3... wat | ¢.c. 


The tubes were shaken during the incubation period as described. 
At suitable intervals, 0-I c.c. was removed from each of the tubes and 
added to 5 c.c. distilled water in a comparator tube, five drops of 
0-05 per cent. Phenolphthalein in 50 per cent. alcohol were added 
and the solution adjusted to the colour of the standard by the 
addition of alkali; 0-5 c.c. of formalin solution was added and the 


mixture titrated with os NaoH delivered from a micro-burette. 
The formol acidity figure is obtained by subtracting the amount of 
= alkali required by the tube containing the heated trypsin, from 


that required by the tube containing the unheated trypsin. 
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Evepsin was also tested for by the formol acidity method, the 
substrate used being 2 per cent. Wittes peptone in place of the gelatin 
used for trypsin estimations. 


Solution Tube I Tube II 

Unheated Heated in boiling bath, 1 hour 

Witte Peptone, 2 per cent. ... O°5 

Buffer pH 8-3 O°4 C.C. O°4 


Wigglesworth (1928) points out that in order to avoid an over- 
lapping with the trypsin action, it is best to use as a substrate for 
erepsin (peptidase) the dipeptide glycyl-tryptophan, which is not 
acted upon by trypsin. 

Lipase. The use as a substrate of neutralised olive oil, whether 
the mixtures were kept in a shaker or not, gave contradictory results. 
Later, ethyl butyrate was used as a substrate and gave constant 
results. Strictly speaking, the enzyme thus estimated was not 
lipase but butyrase. 


Solution | Tube I | Tube II 


| | 
| | 
Tissue emulsion 1-0 | 1°0 
Unheated _ Heated in boiling bath, 1 hour 
Ethyl butyrate neutralized ... C.C. | 
| 


The tubes were incubated at 37° C., in the shaking machine, 0-2 c.c. 
amounts being removed at intervals and tested for free acidity. The 
difference between the amount of alkali required for the two tubes 
to bring them to the standard was taken as the acidity produced by 
the lipase. 


Results. 


It may be stated here that the enzymes amylase, invertase, 
maltase, trypsin, erepsin and lipase were present in their most 
concentrated form in the midgut. 
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Effects of guinea-pig serum on the enzymes of the midgut. 


The effects of guinea-pig serum on amylase and invertase have 
already been considered ; no experiments were done with maltase, or 
erepsin. 

Trypsin. Normal guinea-pig serum incubated, with toluol added 
as preservative, showed no tryptic auto-digestion as estimated by a 
rise in the formol acidity. This might be due either to absence of 
trypsin or to trypsin being balanced by antitrypsin present in the 
serum. The presence of antitrypsin was readily demonstrated in 
both normal and immune guinea-pig serum, the trypsin used for its 
demonstration being Martindale’s trypsin 10 per cent. In graph 
No. II are shown the curves representing digestion of heated and 
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Grapu II. SHowinc Presence or Heat Lasire Anti-Tryptic SuBSTANCE 
IN Guinea-Pic Serum. 


unheated sera by 10 per cent. Martindale’s trypsin. It is seen 
that the curve representing the digestion of heated serum has a much 
higher level than that representing the digestion of unheated serum. 
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Lipase. Guinea-pig serum proved highly lipolytic. Thus, as 
shown in Graph No. III, the serum of a guinea-pig in 10 per cent. 


Acidity 
in c.c. 


N 
100 


Hours 


GrapH III. Dicestion or Butyrates sy NorRMAL 
Gutnga-PiG Serum. 
dilution was approximately twice as active as the I0 per cent. 
solution of Martindale’s lipase which was used as a control. Similar 
curves were obtained with the sera of other guinea-pigs. 


Efforts to produce anti-trypsin and anti-lipase in guinea-pigs by 
injection. 

Neutralized liquor pancreaticus Benger was used for injection, 
the first non-neutralized injections having proved rapidly fatal. 
The trypsin solution was injected into four guinea-pigs by the intra- 
peritoneal route; the largest total amount received by one animal 
was 7 c.c. of Martindale’s trypsin in four injections extending over 
a period of a month. 

The first effect of injection of large amounts of trypsin was a 
rapid lowering of the anti-tryptic index of the serum, the fall being 
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succeeded in about a day by a rise, which was of a definite but 
temporary nature with considerable fluctuations. In three guinea- 
pigs which received various amounts of trypsin in a series of intra- 
peritoneal injections, the anti-tryptic index (i.e., the rise in acidity in 
the heated tube divided by the rise in acidity in the unheated tube) 
rose in the first case from 0-33 to 0-93, in the second case from 0-51 to 
1-0, and in the third case from 0-67 to 1-0. It is clear from the 
above figures that intraperitoneal injection of commercial trypsin in 
adequate amounts produces a rise in the anti-tryptic index of guinea- 
pig serum. This is so far the only series of experiments in which 
we have found that the injection of an enzyme produced anti- 
enzyme in the guinea-pig. 

Anti-lipase. Of three animals injected with Martindale’s lipase, 
only one survived sufficiently long for observations to be made. In 
the one animal which survived and which received 1-1 c.c. of 
Martindale’s lipase at a single injection, the lipolytic power of the 
serum was not altered. 


Other properties of the midgut. 


Toxicity. No injections of midgut alone were made. but in 
several instances the midgut was injected with the body contents ; 
reference to the results of these experiments will be made later. 

Haemolysins, agglutinins, coagulins and anti-coagulins were not 
found. 

Precipitins. The midgut was not tested separately for precipitins. 


Eosinophila. 


The midgut was not injected separately in the endeavour to 
produce eosinophilia. 


Immunising properties of the midgut. 


The midgut was not injected separately in the endeavour to 
produce immunity. 


(3) Hindgut. 


The pH of the hindgut was found to lie between 7-7 and 8-0. 
The following enzymes were found in weak concentration, amylase, 
invertase, lipase and erepsin. No haemolysins, agglutinins or 
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coagulins could be demonstrated. An anti-coagulin was found to be 
present and is still undergoing investigation. 


In our detailed considerations of the fore, mid and hindguts we 
have omitted experimental results regarding toxicity, precipitins, 
eosinophilia and immunising properties, because these experiments 
were carried out with the whole gut and not with individual portions 
of it. The results of the experiments were as follows :— 

Toxicity of the gut. Injections of the unheated gut proved highly 
toxic. The gut of even one third instar larva produced a very severe 
local and general reaction which in one case proved fatal within 
forty-eight hours. In experiments carried out with similar but 
preserved material which had been stored in 50 per cent. glycerine, 
or else filtered through a Seitz filter, different results were obtained. 
Very slight local reaction followed the injection of large initial doses 
of such material and subsequently the animals tolerated still larger 
doses. For instance one guinea-pig received in five injections the 
intestinal tracts of twenty-three larvae without ill effects. 

Precipitins. On only one occasion was a weak positive reaction 
obtained, using the hindgut as the test antigen. The animal showing 
the precipitin had acquired immunity as a result of a long series of 
experimental infections. The larval coelomic fluid and faeces gave a 
much more marked reaction with the same serum. The serum of one 
animal which had survived the reaction following the injection of the 
intestinal tract of a single third instar larva subsequently gave no 
precipitin reaction when tested against this antigen. 

Eosinophilia. No eosinophilia was shown to result from the intra- 
cutaneous injections of larval gut, one to four untreated intestinal 
tracts being used. The observation period was only three days in 
two of the animals, but in the third, daily examinations were made for 
twenty-three days following the injections. 

Immumnizing properties of the gut. We have been unable to reach 
any conclusion regarding the immunizing properties of the gut, as 
the only two animals which survived the period of a month between 
the last of the injections and the test application of larvae, died 
during the six-day period of the test. 
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Intracutaneous injections of emulsions of larval skin produced 
very little reaction whether the cuticles were preserved in glycerine 
or simply ground fresh in normal saline. In this connection it is of 
interest to note that the single injection of 1,000 entire first instar 
larvae produced no reaction. 

Only three animals survived the series of injections and subsequent 
period before testing. The dose given and the results of the testing 
by the application of larvae are detailed below. 

GUINEA-PIG 119. The animal had a total of 8-5 cuticles of third 
instar larvae, intradermally in five injections over a period of one 
month. After three weeks a test with six larvae resulted in 
three developing to the sixth day. 

GUINEA-PIG 125. Did not become immune after a total amount 
of twenty-seven cuticles of third instar larvae administered intra- 
dermally in seven injections over a period of six weeks. After an 
interval of three weeks it was tested with six larvae, of which two 
survived to the sixth day. 

GUINEA-PIG 129. This animal had a total amount of forty-three 
cuticles of the third instar larva intradermally in six injections over 
a period of five weeks. After an interval of three weeks it was 
tested with six larvae, of which none survived to the sixth day. It 
seems that some degree of immunity can be produced in guinea-pigs 
by the intradermal injection of larval cuticle if very large doses are 
employed. 

No precipitin reaction was observed between the sera of immune 
guinea-pigs and ground cuticle emulsions. 

No eosinophilia was observed during a period of eleven days 
following the injection of the cuticle of one large third instar larva. 
The blood examinations were carried out daily. 


IV. THE HAEMOCOELE FLUID. 


The average amount of haemocoele fluid obtained by puncture 
of the third instar larva was 0-025 c.c. 

Reaction. The pH of the haemocoele fluid varied from 6-7 
to 7°5. 

Enzymes. The only enzyme so far tested for in this fluid is 
tyrosinase ; it was found present in all instars When haemocoele 
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fluid of third instar larvae was released from the body it soon turned 
black if allowed to remain in contact with air. This blackening is 
due to the presence of tyrosinase and tyrosin, the inter-action of 
which results in the productions of a black pigment presumably 
melanin. 

Results. If free-living first instar larvae taken direct from sand 
are ground up with a drop of 0-1 per cent. tyrosin, slight blackening 
occurs, indicating the presence of tyrosinase. No spontaneous 
blackening in the absence of added tyrosin was ever noted; the 
first instar larva therefore contains tyrosinase but no tyrosin. When 
larvae were applied to an animal and then extracted after various 
periods the amount of larval tyrosinase was found to have markedly 
increased, but tyrosin could not be found up to the time of, or during, 
the first ecdysis. In spite of this apparent absence of tyrosin, the 
spines of the second instar soon become black or very darkly pig- 
mented, and if it is the case that such blackening is due to melanin 
arising from the inter-action of tyrosinase and tyrosin, we must 
conclude either: (1) That the tyrosin required for purposes of pig- 
mentation is so small in amount that we cannot detect it by the 
tyrosinase test, or (2) That the tyrosin is plentiful but is present in 
such a form that it does not blacken with tyrosinase. 

As we shall show when dealing with the third instar, tyrosin can 
be so altered by contact with haemocoele fluid that it is no longer 
capable of reacting with tyrosinase to produce melanin. 

Tyrosinase is very plentiful in the haemocoele fluid of the second 
instar and here again as in the first instar, it is unaccompanied by 
any tyrosin detectable by spontaneous blackening on exposure to air. 
Third instar larvae usually possess large quantities of both tyrosin 
and tyrosinase, but one third instar larva, immediately after its 
ecdysis from the second instar, was found to contain no tyrosin when 
the ecdysis took place 1m vittro. 


Distribution of tyrosinase. 


The property of blackening possessed by insect larval tissues 
is well recognised, and there are frequent references to it in the 
literature. That this blackening is due to the action of the 
haemocoele fluid only, as distinct from the general tissues, has not, 
however, hitherto been recognised. In the case of Cordylobia 
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larvae, the absence of tyrosinase from tissues other than the 
haemocoele fluid was shown by us in the following manner. Five 
third instar larvae were dissected under a constant stream of normal 
saline solution, care being taken not to puncture the gut until the 
washing was complete, and then the salivary glands, foregut, midgut, 
fatbody, and hindgut were dissected out, ground up and made up to 
0-5 c.c. amounts with saline in incubating tubes. To each of these 
tubes were then added 0:5 c.c. of 0-1 per cent. tyrosin and 0-6 c.c. of 
Buffer pH 7-1. Two additional tubes, one containing haemocoele 
fluid and the other potato tyrosinase, instead of the tissues, were 
included in the series as positive controls. The negative controls 
were similar tissue emulsions set up in a similar manner but heated 
to 100° C. for one hour. It was previously found that the presence 
of even minute traces of tyrosinase could be detected in the incubating 
mixture containing tyrosin, if air were continuously bubbled through 
it. In the above experiment, therefore, the tubes were placed in the 
incubator and each was connected up with an air bubbling apparatus ; 
the apparatus was kept running for 18 hours. The contents of the 
tubes were examined at intervals and it was found that the unheated 
haemocoele fluid and potato tyrosinase tubes blackened rapidly ; 
but in none of the other tubes was any blackening discernible even 
after eighteen hours. 


Distribution of Tyrosin. 


We have shown that tyrosin is present in large quantity in the 
haemocoele fluid of the third instar larva. As it is almost completely 
absent in the pupa, it is presumably used up in the pigmentation of the 
pupa case. 

Individual portions of the larva were tested for tyrosin, the 
necessary dissections being made, as before, in a stream of normal 
saline. After this dissection the entire intestinal tract and salivary 
glands with fatbody and portions of the tracheal system were 
immersed in pupal emulsion made with distilled water in order to 
facilitate penetration. The pupal emulsion had previously proved 
very rich in tyrosinase and devoid of tyrosin. No blackening 
whatsoever was observed to take place in the intestinal tract or 
salivary glands ; marked blackening was observed in the tracheal 
system and also, at first inspection, parts of the fatbody appeared 
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to be blackened. On further examination it was found that the 
blackening of the fatbody was, in fact, closely related to the tracheal 
system and was due to pigmented particles within and to a less 
degree outside the lumen of the tubes, especially at their junction 
with the fatbody (fig. 2). This phenomenon was apparently due to 


Fic. 2. Showing melanin around tracheal tubes in fatbody. 


portions of the severed tracheal branches having become filled with 
the haemocoele fluid during the dissection, so that even the continuous 
and prolonged washing described was unable to remove it from the 
tubes. 

Our experiments would appear to show that the tyrosin and 
tyrosinase in the third instar larva of Cordylobia are confined to the 
haemocoele fluid. But these findings are based on the absence of 
melanin production and we have considerable experimental evidence 
to show that a fluid which contains tyrosinase may act on tyrosin 
in such a way that it will no longer blacken either spontaneously or 
on the addition of more tyrosinase. Thus haemocoele fluid alone, 
or a mixture of pupal emulsion and tyrosin which normally blacken 
readily on exposure to air, did not so blacken if deprived of oxygen 
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either by sealing it in a tube anaerobically, or exposing it to an 
atmosphere devoid of oxygen. We anticipated that on subsequently 
exposing this fluid to air, it would at once blacken. This, 
however, was not the case. That this failure to form melanin 
was not due to a deterioration in the enzyme tyrosinase, was 
proved by the fact that on the addition of fresh tyrosin solution, 
the fluid quickly blackened in a normal manner. It appeared 
certain, therefore, that it was the tyrosin which had undergone 
change. The shortness of the incubation period—three hours being 
sufficient to deviate the tyrosin—appeared to exclude the action 
of bacteria as a cause of this phenomenon. That bacteria can alter 
tyrosin is well known, and experiments which we carried out with 
certain strains of B. pyocyaneus, encountered in the same guinea-pig’s 
serum on three occasions, showed that this organism had the power 
of rendering tyrosin undetectable by the tyrosinase test; but the 
bacterial action was slow because even when we mixed concentrated 
living cultures of the organism with tyrosin at 37° C., blackening 
on the addition of tyrosinase was still detectable in one of the experi- 
ments for as long as seventeen hours. This tyrosin altering power was 
also found to exist in guinea-pig serum whether normal or immune. 


Sources of the larval tyrosin. 


As we have seen, the first, second and third instars all 
contain tyrosinase, whereas only the third contains tyrosin in a 
form detectable by the tyrosinase reaction. Yet it is almost certain 
that even the first and second instar larvae must contain some 
tyrosin; as has already been mentioned, the blackening of the 
spines after the first ecdysis presumably indicates its presence ; yet 
larvae extracted from an animal immediately prior to this did not 
possess any demonstrable tyrosin. Now we have demonstrated the 
fact that the skin of guinea-pigs contains tyrosin, by snipping off small 
portions of the skin, and emulsifying them in a solution of tyrosinase 
from Cordylobia pupae. Tests were performed, using (I) skin of 
guinea-pig plus water, (2) skin of guinea-pig plus pupal tyrosinase, 
(3) pupal tyrosinase alone. Definite blackening occurred in the 
emulsion of skin in the pupal tyrosinase, whereas no blackening 
occurred in the controls. Tyrosin was found in immune as well as in 
normal guinea-pig skins. Therefore, larvae from the moment of 
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their first penetration of the skin are in contact with tyrosin, which 
forms a large percentage of the keratin of the corneal layers of 
the skin. 

It seems certain, therefore, that larvae immediately after penetra- 
tion of the skin of the host, take up tyrosin from the skin and they 
probably also store it, but in such an altered form that it does not 
blacken when tyrosinase is applied to it. 


Effects of guinea-pig serum on tyrosinase. 


Both normal and immune sera were found to diminish the activity 
of the tyrosinase, but this inhibitory power was not greater in the 
immune than in the normal guinea-pig serum. A suspension of 
tyrosinase made from pupal emulsion was incubated with normal 
and immune guinea-pig serum. After varying periods of incubation 
at 37° C., samples of each mixture were tested for the persistence of 
the enzyme. It was found that the tyrosinase in the presence of 
serum, whether normal or immune, diminished in activity as com- 
pared with a control tube containing normal saline and tyrosinase in 
place of serum and tyrosinase. 


Efforts to produce anti-tyrosinase in guinea-pigs. 


Two guinea-pigs were injected intracutaneously with haemocoele 
fluid of third instar larvae. The first, a local guinea-pig, received the 
haemocoele fluid of five larvae in two injections during fourteen days. 
The second, an English non-immune guinea-pig, received the 
haemocoele fluid of four larvae in two injections in ten days. Both 
sera inhibited the action of pupal tyrosinase, as compared with the 
saline control, but no difference in the degree of inhibition was noted 
between these sera and the serum of a control English guinea-pig. 


Other properties of the haemocoele flucd. 


Toxicity. The injection of haemocoele fluid intradermally 
resulted in a marked local and general reaction, proportional to the 
dose injected. The haemocoele fluid of one third instar larva 
resulted only in a slight local reaction, but the injection of four times 
this dose was followed by marked local reaction and death within a 
few days. As in the case of salivary gland injections, immunity to 
the toxin was rapidly acquired ; an animal, after receiving a series 
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of graduated doses, tolerated the injection of the haemocoele fluid 
of five full-grown third instar larvae with only a subsequent slight 
local reaction. This reaction is in all probability not due to the 
presence of bacteria in the haemocoele fluid, as we have found that 
this fluid is relatively free from bacteria ; thus, out of eight larvae 
dissected with sterile precautions, the haemocoele fluid proved to be 
entirely sterile in three cases. 

Haemolysins, coagulins and anti-coagulins were tested for with 
negative results ; a weak agglutinin was demonstrated. 

Precipitins. Ina previous paper, Blacklock and Gordon (1926), 
we recorded the fact that we had been unable to demonstrate 
precipitins to Cordylobia antigen in the serum of immune guinea-pigs. 
We stated, ‘Numerous experiments with immunized guinea-pig 
serum and ground-up larvae of all ages were completely negative ’ ; 
we also recorded that similar experiments with partially immunized 
rabbits were unsuccessful. Since the publication of the paper referred 
to we have frequently repeated these experiments, chiefly with first 
instar larvae and always with the same negative results. We have 
now proceeded further and tested for precipitin, using various 
portions and organs of the larva, especially of the third instar. The 
results as regards the tissues were negative, with the exception of a 
very feeble precipitin obtained occasionally with gut and fatbody, 
when tested with the serum of guinea-pigs which had previously had 
many applications of larvae. Tests carried out with salivary glands 
and cuticle emulsion were negative when the serum of guinea-pigs 
immunised by the usual series of larval applications was used. 
When the haemocoele fluid itself was examined, it was discovered 
that it gave a strong precipitin reaction with the serum of imported 
guinea-pigs which had previously had larvae applied to them and 
also with that of many of the local guinea-pigs which had received no 
larvae experimentally, but of which the previous history was 
uncertain. We have already shown that local guinea-pigs enjoy a 
certain degree of immunity and we suggested that this was probably 
due to a previous natural infection. 

It will be recalled that the dissection technique used by us 
involves free washing of the haemocoele cavity in order to get rid of 
the blackening effect of the haemocoele fluid on the tissues of the 
larva. Asa result of this, until we came to the point of testing the 
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haemocoele fluid itself for precipitating power, this portion of the 
larva had carefully been excluded in our tests of tissues. 

It appears that certain portions of the larvae are by no means 
strongly antigenic because when we injected salivary glands even in 
considerable amounts, the animal’s serum did not give any precipitin 
with the specific antigen employed. The same negative results were 
obtained with gut and fatbody, but in these cases, on account of the 
extreme toxicity of the injection, small amounts only could be used. 

In contradistinction to these negative results, a relatively small 
injection of haemocoele fluid causes the serum of the animal to give 
a very definite precipitin reaction with haemocoele fluid. In view of 
the importance of this discovery we have devoted considerable time to 
its investigation and we propose to discuss the results of our experi- 
ments in some detail. 


Technique and results of precipitin reaction with haemocoele fluid. 


The haemocoele fluid was removed from third instar larvae anaes- 
thetised with chloroform ; a measured volume was taken and diluted 
with normal saline solution to 1I-100, which was found to be the 
optimum dilution. Ina series of tests using known positive sera, the 
precipitin test was markedly positive even when the haemocoele 
fluid was diluted 1-800. The haemocoele fluid diluted 1-100 was 
found to retain its precipitating power when kept in the ice chest 
up to a month; it is probable that it will retain its potency for 
considerably longer periods. 

The tyrosinase-tyrosin reaction begins to take place in the fluid 
soon after its withdrawal from the larva, and even the 1-100 dilution 
shows a definite blue-black colouration; the melanin formation, 
however, does not interfere with the precipitin reaction, which 
occurs independently of it ; this was shown to be the case by experi- 
ments carried out with pupal emulsions which give a precipitin 
reaction, but which contain no appreciable amount of tyrosin and, 
therefore, do not blacken. As regards the serum, it was found 
that the reaction was most marked when undiluted serum was used, 
and that although the test was still positive up to a serum dilution 
of 1-8 in normal saline, it grew progressively weaker with dilution. 
The ring-test was employed, haemocoele fluid in the selected dilution 
being carefully layered with a fine pipette on to the surface of the 
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undiluted serum in small tubes; the results were read after five 
minutes at room temperature and again after fifteen minutes at 37° C. 


Results. 

We examined a series of imported English guinea-pigs immediately 
after their arrival in this country; none of these gave a positive 
precipitin reaction with haemocoele fluid. Six imported English 
guinea-pigs which were examined for precipitin after the development 
of larvae on them, all gave a positive reaction. We then investigated 
the precipitin in the serum of local guinea-pigs which had no larvae 
placed upon them experimentally. Twenty-three local guinea-pigs 
purchased at different places were tested for precipitin reaction. 
Of these guinea-pigs, fifteen gave a positive and eight gave a negative 
reaction, that is to say, that well over half of them would appear to 
have been previously infected by Cordylobia. As it happened, there 
was in this batch of local guinea-pigs a larger proportion than usual of 
young animals under 250 grammes, otherwise the number of positives 
would almost certainly have been even greater than it was. As in 
the case of English imported guinea-pigs, all the negative local 
animals gave a positive precipitin reaction when larvae were placed 
on them subsequently. These facts are illustrated in Table II. 

Taste II. 


Showing percentage of positive precipitin reactions with guinea-pig serum and haemocoele fluid 
(diluted 1-100) of C. anthropopbaga third instar larvae. 


| Number of 
Type of animal Previous treatment | animals Percentage 
| tested positive 
| 
Imported ... sale Nil 50 
| 
Guinea-pigs with negative precipitin reaction.... Larvae applied and 11 100 
allowed to develop. | 


In addition to the above, the following imported English animals 
were tested, viz.: two animals which had received injections of 
respectively 2,100 and 1,100 first instar larvae ; one animal which 
had received an injection of intestinal tract and fatbody. All three 
animals gave negative precipitin results. As was to be expected, 
animals which had received injections of haemocoele fluid but 
had had no larvae applied, gave a positive result with haemocoele 
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fluid. It is noteworthy that the animal which had received 1,100 
first instar larvae and then gave negative precipitin reactions with 
haemocoele fluid for a month following the last injection, gave a 
positive reaction within twelve days of the application of twelve 
larvae, of which four developed. 

The positive precipitin reaction given by local guinea-pigs not 
experimentally infected appears to point clearly to a previous 
natural infection. It is such previous infection that we have already 
postulated in our earlier paper as being the probable cause of their 
relative immunity. 

Further proof of the association of the relative immunity of local 
guinea-pigs with previous natural infection is obtained by a considera- 
tion of the proportion of larvae surviving to the sixth day in local 
guinea-pigs giving no precipitin reaction, and in local guinea-pigs 
giving a precipitin reaction. For example, five local animals which 
gave a negative precipitin reaction were tested with sixty-one larvae ; 
of these, thirty-one developed. Five local animals which gave a 
positive precipitin reaction were similarly tested with sixty larvae ; 
of these, only sixteen developed. 

Although we have thus shown that the serum of guinea-pigs 
which have had larvae develop on them gives a precipitin reaction 
subsequently with haemocoele flu = must be clearly understood 
that the precipitin reaction is not nv essarily proof of the existence 
of completeimmunity. A guinea-pig which gives a positive precipitin 
reaction with haemocoele fluid may yet permit a proportion of larvae 
to survive as shown above. The reaction persists for at least two 
months, often the end of infection; longer periods have not yet 
been tested. 


Eostnophilia. 

It was found that the injection of haemocoele fluid of third instar 
larvae produced a definite rise in the eosinophilia percentage in 
certain instances. In our previous paper we stated that cutaneous 
injection of ground-up third instar larvae was always followed by a 
marked rise in the eosinoph'l percentage, but if the table illustrating 
this fact is examined, it will be seen that this statement was made of 
animals in which the eosinophil count before treatment began 
varied from 1-3 to 4:9 per cent. In our present experiments we 
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injected haemocoele fluid into two imported and one local guinea- 
pig; during the short observation period of three weeks, no 
pronounced increase was noted in the case of the two imported 
guinea-pigs, both of which had, previous to injection, an eosinophil 
percentage below one. In the case of the local guinea-pig, a definite 
eosinophil rise followed each injection as shown below. 


| 


Day 
| | | | 
| 31 4 6 | 8 | 35 17, 19 21 23 26 
| | 
Injection we | } | | 
| | | | 
| | | | | | | 
Eosinophil | | 
percentage .... 2°99 | 12°7 5:3 | 49 44 | 42 61 


Immunizing properties of haemocoele fluud. 


One local guinea-pig received in two intracutaneous injections on 
the abdomen the haemocoele fluid of five third instar larvae. It was 
tested twenty-five days later by applying to the abdomen six larvae, 
of which one developed. Of six larvae applied at the same time 
on the back, none develop.  “‘jhis being a local animal, the only 
conclusion to be drawn is th. the haemocoele fluid in the dosage 
used would not produce immunity in an imported animal. An 
imported English guinea-pig received in five intracutaneous injections 
on the abdomen the haemocoele fluid of twelve third instar larvae. 
It was tested a month after the last injection with six larvae on the 
abdomen and six on the back ; of these, seven developed. 


The relation of the haemocoele fluid to respiratory function in Cordylobia. 


Irom the time the larva in the first instar penetrates the cuticle 
of the animal host, until the time it leaves the host prior to pupation, 
the larva normally keeps the aperture in the host’s skin open so that 
its posterior spiracles are not occluded. As the larva grows, the 
aperture in the skin is enlarged and the posterior end of the larva 
can be seen at intervals alternately protruding and retracting. 

In the skin of the immune or partly immune host, the larvae 
appear to lose their power of keeping open the aperture in the skin ; 
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however, even when the aperture is apparently completely occluded 
by a tenacious scab, the larva may sometimes be found alive beneath 
it. It appeared probable that the complete or partial occlusion of the 
larval stigmata thus produced must interfere with the insects’ normal 
respiration, which necessitates a large supply of atmospheric oxygen. 
We made some experiments in order to obtain some idea of the 
amount of oxygen required by the normal larva ; we also made some 
observations on the length of time larvae could survive when deprived 
of oxygen ; a few experiments of a similar nature were also made with 
the pupa and the fly. 

A rough estimate of the amount of oxygen required by the larva 
in vityo Was made by means of a simple apparatus which is figured 
below (fig. 3) ; the larva was placed in short tube, 4, and this was 
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connected by fine glass and rubber tubing to the end of a I c.c. pipette 
graduated in 1 rooths. All joints were sealed with melted paraffin, 
and readings were commenced after the apparatus had had time to 
adjust itself to the room temperature. 

In one experiment with the above apparatus it showed that in 
twenty-four hours a half-grown third instar larva used at room 
temperature, 0-45 of ac.c. of oxygen, but the actual amount of oxygen 
consumed was greater than this,"as the apparatus did not provide 
for any estimation of carbon dioxide given off. We therefore modified 
the apparatus in such a way as to enable us to estimate the amount 
of carbon dioxide given off, as well as the amount of oxygen consumed. 
The diagram (fig. 4) below is self explanatory ; after the period of 
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observation is completed, the movement of the mercury, A, and A}, is 
read off ; then the two short columns of mercury, B and B!, with the 
enclosed caustic potash solution, C, are delivered by suction into the 
tube, A’, in which the larvae are enclosed. The carbon dioxide in the 
apparatus is rapidly absorbed and the second movement of the 
mercury in the graduated tubes can be read off. The second reading 
gives the amount of carbon dioxide present. The total oxygen 
consumed by the larva is the sum of the first and second readings. 
Using this apparatus we found that one large third instar larva 
in twenty-four hours took up 0-56 c.c. of oxygen and gave off 0-26 c.c. 
of carbon dioxide. The consumption of atmospheric oxygen by the 
pupa was found to average 0-15 c.c. in twenty-four hours. The 
absorption of oxygen by the adult fly when kept in a confined space 
and prevented from flying, was 0-06 c.c. in twenty-four hours. 

When larvae were deprived of oxygen by being enclosed in an 
oxygen-free atmosphere, we found that they not only survived for 
long periods as shown below, but continued to give off carbon 
dioxide in appreciable quantities as long as they were alive. Thus, 
three third instar larvae gave off 0-15 c.c. carbon dioxide and two 
larvae gave off 0-2 c.c. in twenty-four hours, the amount per larva 
in twenty-four hours being 0-05 c.c. to 0-1 c.c. The apparatus used 
for the experiments is shown in fig. 5. 
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The length of life of the larva in an oxygen-free atmosphere. 


Our first experiments were carried out by immersing larvae in 
liquid paraffin ; this method was soon given up as unsuitable. We 
found it better to make use of nitrogen gas by the following method. 
The larva to be tested was placed in a short length of glass tubing 
which was then connected with a nitrogen reservoir and the gas was 
allowed to pass through it. Sufficient gas was passed through the 
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tube to displace all the air and then by means of clamps on the 
rubber connections, the tube enclosing the larva in a nitrogen 
atmosphere was isolated, detached and placed in water so that any 
leak could be detected. We were surprised to find that larvae, 
especially of the third instar, were capable of survival in this oxygen- 
free atmosphere for long periods. In a series of experiments we 
found that third instar larvae gave more constant results as regards 
the survival period than did first instar larvae. In one of our 
experiments with six third instar larvae in an atmosphere of nitrogen, 
all the larvae survived for sixteen hours ; in another, they survived 
for nineteen hours, and in a third, a larva survived for twenty-seven 
hours. 

A proportion of first instar larva survived a similar test for 
from one and a half to two and a half hours in three experiments. In 
an experiment carried on for nineteen hours, all the larvae, ten in 
number, found at the end of the experiment, were dead. 

This remarkable power of surviving oxygen deprivation is much 
less evident in the fly than in the third instar larva ; flies survived 
six hours but failed to survive ten hours or longer. Again, while the 
larva continued to move in a fairly normal manner in the oxygen-free 
atmosphere for many hours, the fly became quiescent within a few 
seconds and remained motionless thereafter. On  re-admitting 
oxygen, the flies which recovered did so slowly, the first movements 
being seen after about one hour, whereas larvae exposed for much 
longer periods, if they had become quiescent, recovered rapidly. 
We observed in one experiment a larva pupate in an oxygen-free 
atmosphere ; the experiment was as follows :—Two third instar 
larvae and one adult fly were placed in an oxygen-free atmos- 
phere at the same time, each in a separate receptacle. The fly was 
removed after the lapse of ten hours and was found to be dead. 
At the end of twenty-two hours one larva was still moving actively, 
but the other had begun to pupate. After forty-eight hours the 
pupa and the larva were removed, the former having darkened 
normally in the nitrogen atmosphere. The larva did not recover, 
but the pupa after this forty-eight hours’ exposure to an oxygen-free 
atmosphere, was kept under observation ; from it, twelve days later, 
a normal fly emerged. On the other hand, a pupa which had not 
yet begun to blacken was placed in the same atmosphere for three 
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days, during which time no blackening occurred. On re-admitting 
air at the end of the three-day period, the puparium at once blackened 
normally. In the case of this pupa the fly did not subsequently 
emerge. 

It seemed to us highly improbable that the usually described 
mode of respiration in insects which are not provided with an oxygen 
carrying circulatory system could suffice to account for such prolonged 
survival in an oxygen-free atmosphere. or on this accepted theory 
of respiration the only oxygen available for the tissues in the larva of 
Cordylobia would be the relatively minute quantity actually 
contained in the tracheal system of the larva at the time of exposure 
to the oxygen-free gas. 

We have already shown that Cordylobia larvae in the third instar 
contain large amounts of both tyrosinase and tyrosin and we have 
proved by a series of experiments with each organ and tissue that 
these substances are confined to the haemocoele fluid, since they 
cannot be demonstrated in the tissues when they have been washed 
free of haemocoele fluid. The function usually ascribed to the 
enzyme tyrosinase and its substrate tyrosin in insects is that of 
providing, by a process of oxidation, melanin for the darkening of the 
spines of the different instars, the blackening of the pupa case, and 
the pigmentation of the imago. 

The process of melanin formation by the interaction of tyrosinase 
and tyrosin in air results in a considerable absorption of oxygen, as 
shown by the experiments described below. Since third instar 
haemocoele fluid contains tyrosinase and tyrosin, it commences to 
blacken very soon after the liberation of fluid from the larva. In 
order to carry out the experiments with greater accuracy, we first 
made use of an emulsion of the pupa which contains tyrosinase but no 
tyrosin, and a solution of commercial tyrosin. The experiments 
were carried out in an apparatus similar to that used for estimating 
the oxygen absorbed by the living larva. When pupal emulsion was 
incubated with tyrosin it was found that oxygen was absorbed from 
air by the mixture in relatively large amount. The emulsion of 
half of a pupa in 0-5 c.c. of normal saline solution mixed with an 
equal volume of I-1,000 tyrosin solution in distilled water took up 
and apparently stored in twenty hours, 0-4 c.c. of oxygen from the 
air; on drawing the residual gas through lime water, a white 
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precipitate occurred, indicating the presence of carbon dioxide ; the 
amount of oxygen absorbed was, therefore, actually greater than 
that shown. The experiment was then repeated, using haemocoele 
fluid, and demonstrated the fact that the haemocoele fluid, by itself, 1s 
capable of respiring in a manner comparable to the living larva, 1.e., 
it takes up oxygen and gives off carbon dioxide. It was found 
the haemocoele fluid of one larva, if rapidly transferred to the 
apparatus, absorbed from 0-06 to 0-1 c.c. of oxygen in twenty-four 
hours. The carbon dioxide output of the haemocoele fluid was 
estimated by the apparatus already illustrated in fig. 5. Using this 
apparatus, we found that the haemocoele fluid collected from six 
larvae produced approximately 0-05 c.c. of carbon dioxide in twenty- 
four hours. We ruled out the possible effects of bacterial action by 
controls consisting of pupal emulsion, 1.e., tyrosinase, and a solution 
of tyrosin in separate tubes; in neither of these cases was gas 
absorbed or given off. Again, pupal emulsion prepared with sterile 
precautions, mixed with boiled tyrosin in a sterile apparatus, gave 
identical results with experiments in which sterile precautions were 
not taken. The controls served the additional purpose of showing 
that neither pupal emulsion alone, nor a solution of tyrosin alone 
absorbed oxygen from the air. 

It seemed important to us that although the tyrosinase-tyrosin 
mixture had taken up such a relatively large amount of oxygen, it 
showed blackening only to a slight degree, at the end of the 
experiment. 

The fact that third instar haemocoele fluid is able to absorb 
from the air a quantity of oxygen and store it, suggested to us a 
possible association of this function of the haemocoele fluid with the 
proved power of the larva to maintain itself for a considerable time 
in adverse conditions when the supply of atmospheric oxygen is 
cut off. We believe that the larva of Cordylobia, during its normal 
respiration, deviates a certain proportion of the oxygen of the inspired 
air, by means of its haemocoele fluid, to form a compound containing 
oxygen in a form which can be utilised by the tissues when the 
normal supply is cut off. If such a mechanism of subsidiary or by- 
pass respiration exists in the haemocoele fluid of Cordylobia larvae, 
it would be reasonable to expect some change to occur in the amounts 
of tyrosinase or tyrosin in the haemocoele fluid, when the larva 
is deprived of oxygen for long periods. 
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Our experiments show that such a change does occur in the 
haemococle fluid of larvae when they are exposed for any length of 
time to a nitrogen atmosphere. It was found in experiments that 
the haemocoele fluid of nitrogen-treated larvae invariably failed to 
blacken in the normal manner when exposed to the air; at the 
most, the colour change was to a reddish brown hue quite distinct 
from the blue-black appearance of normal haemocoele fluid after 
exposure to air. 

In a series of experiments we investigated the cause of this change 
in the haemocoele fluid after oxygen starvation. Third instar larvae 
were enclosed in a nitrogen atmosphere for various periods, and the 
haemocoele cavity then opened and the fluid tested. In larvae 
examined after from one and a half to seven hours in nitrogen, the 
haemocoele fluid was found to be lacking in tyrosin, whereas the tyro- 
sinase was as active as in normal larvae and acted readily on 
commercial tyrosin with melanin formation. In periods from seven 
hours to twenty-eight hours, the results were usually similar, but 
there appeared also to be a gradual reduction of the amount of active 
tyrosinase. Thus, in one experiment, after twenty-seven hours, no 
tyrosin could be demonstrated and the amount of tyrosinase was 
notably reduced. 

It has thus been shown that one definite effect on larvae of oxygen 
deprivation is that their haemocoele fluid loses its power of forming 
melanin when exposed to air. After short periods of oxygen 
starvation, this result is due to the absence of tyrosin from the fluid ; 
after longer periods there also appears to be a reduction in the 
tyrosinase, as well as absence of tyrosin. In certain cases, after 
prolonged exposure, while the tyrosinase could not be demonstrated, 
there was tyrosin present, possibly an evidence of a re-accumulation 
of tyrosin. That the larva is capable of regenerating a haemocoele 
fluid apparently normally rich in tyrosinase and tyrosin, is shown 
by the following experiments. 

Larvae which had been exposed to a nitrogen atmosphere, were 
tapped of all their available haemocoele fluid ; this failed to blacken 
owing to the absence either of tyrosinase or of tyrosin. On leaving 
such larvae exposed to air, they recovered and when after an interval 
they were tapped again, the new haemocoele fluid which they had 
produced, blackened normally. Similarly, five third instar larvae 
were exposed to nitrogen for sixteen hours, and then allowed to 


aid 
4 
Mp 
be 
| 
| 
ae 
: 


40 


recover in air for six hours; thereafter, the haemocoele fluid was 
tapped off and blackened normally. 

We have already shown that the haemocoele fluid of oxygen- 
starved larvae was incapable of forming melanin. It remains to 
be seen if such a fluid which cannot form melanin is still capable of 
taking up oxygen from the air. If it is capable of doing so, it would 
tend to show that haemocoele fluid can store oxygen without melanin 
production resulting and it might be legitimate to infer that it is from 
this source that the larvae derives the oxygen necessary for its 
survival for prolonged periods in an atmosphere devoid of oxygen. 

In the experiments, third instar larvae were exposed to an 
oxygen-free atmosphere for respectively three, four and a half, and 
twenty-six and a half hours. At the end of these periods of 
anaerobiosis, the larvae were chloroformed. Their haemocoele 
fluid was pipetted off and placed in a closed ampoule connected with a 
manometer. Although in accordance with our previous results, no 
blackening occurred in the haemocoele fluids, oxygen was absorbed. 
In this case the amount of oxygen taken up was inversely proportional 
to the time of exposure of the larvae to nitrogen. In these experi- 
ments the following figures were obtained :— 

(1) The haemocoele fluid of three larvae oxygen starved for 
twenty-six hours took up 0-05 c.c. of oxygen in twenty 
hours. 

(2) The fluid of three larvae oxygen starved for four and a half 
hours took up 0-22 c.c. of oxygen. 

(3) The fluid of two larvae oxygen starved for three hours took 
up 0-17 c.c. of oxygen. 

Barnes and Grove (1916) made a large number of experiments 
with living rice weevils, in an apparatus by means of which the 
insects could be subjected to an atmosphere consisting solely of a 
single gas; the gases used were carbon dioxide, hydrogen and 
nitrogen. The apparatus was so arranged that samples of the gas 
could be removed for analysis at any time during the experiment. 
It was anticipated that they would thus establish the changes 
produced in these gases by the insects. The results of the experi- 
ments showed that the insects survived long periods of exposure in a 
pure atmosphere of any of these gases. No change in the composition 
of the gases was noted at any time as a result of the insects living in 
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them even for fifty-five hours and longer. The authors, however, 
discuss their failure to detect gaseous change by means of this 
apparatus, and say, ‘ On the other hand, it must be conceded that the 
amount of gas brought into play by the number of insects experi- 
mented on, is probably so small compared with the total amount of 
gas present in the incubation tube that the analytical methods at our 
disposal were too crude to detect the minute change, if any, which 
had taken place.’ 

They then made experiments, using the same apparatus, but 
with large numbers of live larvae instead of a few adults. Thus, 
instead of ten adults, they used a bulk of 50 grammes of live larvae. 
They were able to demonstrate the fact that the larvae practically 
exhausted the atmospheric oxygen, bringing it down from the 
normal to about I per cent. ; the larvae never reduced the oxygen 
to a lower figure than this. The larvae, however, continued to 
produce carbon dioxide, after the oxygen had been reduced to the 
basic figure of 1 per cent. At the end of three or four days, the 
carbon dioxide concentration had increased by 1-6 per cent. The 
authors consider that the continued survival of the larvae with the 
accompanying production of carbon dioxide in an oxygen-free 
atmosphere, must be due to enzymic action. As proof of this they 
incubated sterile crushed larvae in a limited supply of air and found, 
exactly as in the case of the living larvae starved of oxygen, that a 
process of respiration went on, resulting in the production of large 
amounts of carbon dioxide. They provided two controls heated with 
steam in the autoclave, the first for twenty minutes at 115° C., the 
second for thirty minutes at 125°C. The fact that in the first 
control the carbon dioxide production was greatly reduced and in 
the second almost negligible, is cited by them as proof that the 
respiratory action in sterile crushed larvae is due to enzyme action. 
According to their theory, the larva when deprived of atmospheric 
oxygen, ‘must be making use of chemically combined oxygen to 
maintain the life processes during the period of coma which precedes 
death.’ They show that the amount of fat present in larvae starved 
by limitation of oxygen for five days is 2 per cent. less than that of 
the normal larvae. They regard this fat as the source of the oxygen 
utilized by the larva when atmospheric oxygen falls. Since the only 
enzyme specifically mentioned by them in this connection is tyro- 
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sinase, this enzyme is presumably the one which they regard as the 
active agent responsible for supplying the larva with the oxygen 
stored in the fats. 

We did not become aware of the interesting and important work 
by Barnes and Grove until such time as our own experiments had 
led us to conclude that the enzyme tyrosinase played an important 
part in the survival of the insect during prolonged deprivation of 
atmospheric oxygen. 

Our experiments have extended considerably beyond the object 
of our original investigation regarding the power of the Cordylobia 
larva to survive occlusion of its spiracles in immune and semi-immune 
animals. This extension has enabled us not only to confirm the 
original work of Barnes and Grove, but also to establish certain 
other facts, which appear to us to be of importance in the physiology 
of respiration not only of Cordylobia, but probably also of certain 
other insects. Our findings for Cordylobia larvae are in agreement 
with those of Barnes and Grove for the Indian rice weevils in that :— 
Cordylobia larvae can survive long periods of deprivation of atmospheric 
oxygen; when thus deprived of atmospheric oxygen, they continue for 
long periods to produce carbon dioxide ; in an ordinary atmosphere 
the tissues of freshly-killed larvae take up oxygen and give off carbon 
dioxide for many hours ; in an oxygen-free atmosphere, such tissues 
continue to give off carbon dioxide ; the substance which enables 
the larva to live in and produce carbon dioxide in an oxygen-free 
atmosphere is an enzyme, which also is responsible for the power of 
freshly-killed larval tissues to take up oxygen and give off carbon 
dioxide. Our experiments show further :— 


(1) That the enzyme tyrosinase and its substrate tyrosin are, 
in the larva of Cordylobia, confined to the haemocoele 
fluid. 

(2) That the haemocoele fluid taken from a normal larva and 
exposed to air takes up oxygen and gives off carbon 
dioxide for prolonged periods after the maximum 
blackening has occurred. 


(3) That the haemocoele fluid, when placed in a_ nitrogen 
atmosphere, is still capable of giving off carbon dioxide. 


(4) That when the living larva is exposed for a sufficient time 
to an atmosphere of pure nitrogen, its haemocoele fluid 
undergoes a change in composition, so that it loses its 
power of blackening on exposure to air owing in early 
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stages to the absence of tyrosin, in the later ones to the 
absence of tyrosinase. 


(5) That such altered haemocoele fluid, although unable to 
blacken normally, is still capable in an ordinary atmos- 
phere of taking up oxygen. 


(6) That the power of resisting oxygen deprivation which is so 
great in the third instar larva and is present to a less 
extent in the first instar larva is much less marked in the 


fly. 

It is seen from the above facts that the larval haemocoele fluid 
by itself possesses the properties of oxygen absorption and carbon 
dioxide production, properties attributed by Barnes and Grove to the 
larval tissues in general. 


V. EXCRETA. 


The quantity of faeces passed by a larva during its sojourn in the 
host is difficult to estimate, but the amount must be very large. 
In vitro it was found that thirteen third instar larvae produced 
44 minims of faeces in four hours. The reaction of samples of the 
faeces thus passed was found to vary from 7-3 to 8-5, and the colour 
varied from very light amber to almost black. 

Toxicity. The excreta of third instar larvae were found to be 
highly toxic when injected cutaneously into normal guinea-pigs, but 
this toxicity was much less marked in animals with a previous history 
of Cordylobia infection. Three animals died within two days of the 
intracutaneous injection of from 0-005 c.c. to 0-015 c.c. of larval 
excreta preserved with chloroform. When the faeces were preserved 
in glycerine for a short period, the dose of 0-005 c.c. was again fatal 
in two days in the case of one animal. On halving the dose, no fatal 
result occurred in three animals. The reaction to the subsequent 
injections became progressively less marked, so that three times the 
lethal dose was borne without marked reaction. 

Haemolysins, agglutinins and coagulins could not be demonstrated, 
but a powerful anti-coagulin was found to occur in the excreta of the 
larva. 

Precipitins. We have been able to demonstrate the presence of 
precipitating substances in the faeces. Our first experiments, 
carried out with the same dilution as used for the haemocoele fluid, 
i.e., I-100, revealed its presence, but not constantly, owing, as was later 
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discovered, to the concentration of the test antigen being too great. 
The precipitin results obtained with 1-100 faeces were not so well 
marked nor so constant, as were those obtained with haemocoele 
fluid 1-100. It was found, however, that on diluting the excreta, 
constant positive results were obtained with the sera of animals 
previously infected by Cordylobia. The excreta of the larvae gave a 
precipitin reaction up to a dilution of I-1,600 with the serum of 
guinea-pigs on which larvae had developed previously, and 1-400 was 
found to be the optimum dilution for the excreta. This was used as 
our standard dilution while, as we have already stated, in the case of 
haemocoele fluid, 1-100 was the standard dilution used for testing the 
serum of the same animals. 

We have shown that the serum of animals on which larvae have 
previously developed, invariably gives a positive precipitin reaction 
with the haemocoele fluid and excreta of third instar larvae, and that 
the precipitinogen of the faeces is present in more concentrated form 
than that of the haemocoele fluid. It remains to be shown to which 
of these substances the animal first develops a precipitin in its blood. 
So far as our experiments have gone, we may say that when larvae 
are growing upon guinea-pigs, the precipitin to the faecal antigen 
tends to develop before that to the haemocoele fluid antigen. Some 
of the following animals in Table III illustrate this fact :— 


‘Tasre IIT, 


Showing the results of tests with haemocoele fluid and excreta. 


Before larvae applied After application of larvae 
Animal 
number Test number 1 | Test number 2 
| HL. fluid Excreta H. fluid Excreta | H. fluid Excreta 
3 | - - 
5 | - |. = ++ ++ +++ | +++ 


— = Negative. + = Positive. 
* This test was done a month later than test No. 1. 
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One guinea-pig developed precipitin to both haemocoele fluid and 
faeces twelve days after the application of larvae, while another 
guinea-pig in six days developed precipitin to faeces but not to 
haemocoele fluid. 


The precipitating substances of the haemocoele fluid and the faeces. 


We attempted to determine whether these were the same 
substances or not, by two sets of experiments: (1) On treating 
serum, which gave a positive reaction with both haemocoele fluid 
and faeces, with haemocoele fluid, 1 vol. to 20 vols. of serum, and 
incubating for two and a half hours, at 37° C., it was found that the 
precipitin to the haemocoele fluid fell greatly, while that to the 
faeces remained at the same level. Kepetition of the absorption 
caused the precipitin to disappear almost entirely as far as the 
haemocoele fluid was concerned, but in this case there was some 
diminution in the faeces precipitin also. In the same way, serum 
which gave reactions with both haemocoele fluid and faeces, was 
treated with faeces and incubated as above, it was then tested with 
haemocoele fluid and faeces. The precipitin with the faeces was 
found to have fallen to a mere trace, whereas the haemocoele fluid 
gave a ++ reaction; (2) Animals were injected with haemocoele 
fluid alone and their serum, after a period, was tested for precipitin 
with haemocoele fluid and faeces. It was found that a precipitin was 
obtained early with haemocoele fluid, which rapidly reached a + + + 
level, at a time when the faeces gave no trace of precipitin. When 
tested a fortnight later, the faeces also gave a positive result ; in the 
meantime, several injections of haemocoele fluid had been given. 
Animals were injected with faeces alone and after an interval their 
serum was tested with haemocoele fluid and faeces. Precipitin with 
faeces appeared very rapidly, being slightly positive in six days and 
increased to a +++ level by the eleventh day. During this time 
the haemocoele fluid tests were negative ; when tested again, six 
days later, i.e., seventeen days after the original injection, it was 
found that the faeces still gave a strong positive reaction, but that 
now the haemocoele fluid gave a doubtful trace. Further injections 
of the faeces had meantime been given to the animal, 

From these two sets of experiments we conclude that the faeces 
contain a precipitinogen not present in the haemocoele fluid and 
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that the haemocoele fluid contains a precipitinogen peculiar to 
itself, while there is a trace of some substance common to both. 

It appears that for diagnostic purposes the precipitin reaction 
with the faeces, appearing earlier and with a higher titre, has some 
advantages over that with the haemocoele fluid. We have found 
that the faeces retains its precipitating power for at least a month 
when kept in the ice chest with chloroform added to it ; it is probable 
that it retains its power for longer periods. 


Eosinophilia, 

In our previous paper we recorded that eosinophilia follows 
the development of Cordylobia larvae on guinea-pigs, and also the 
cutaneous injection of ground-up third instar larvae; that the 
injection of salivary glands, cuticle, or intestinal tract failed to 
produce recognisable eosinophilia if the original percentage of 
eosinophils in the blood of the animal was about one or lower. 
These portions of the larva were, unfortunately, not tested on 
animals having a count above 1 per cent. Jn the case of haemocoele 
fluid, we have here shown that this is capable, when injected 
cutaneously into an animal with an eosinophil count of 2-9 per cent., 
of producing a marked rise in its eosinophil percentage. We have 
found that faeces also sometimes markedly increase the eosinophil 
percentage when injected cutaneously into animals. In one of these 
faeces injection experiments we were able for the first time to raise 
the eosinophil percentage from a figure well below 1; this fact is 
shown below. 


Day 


Injection ... 


Eosinophil 


It is probable that the eosinophilia which follows the natural 
development of larvae on an animal, is due to the excreta; since 
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the injection of excreta produces per unit amount injected a greater 


rise in the eosinophil percentage than does the injection of haemocoele 
fluid. 


Immumnising properties of the excreta. 


We have already shown that in immune animals the penetration 
of the first instar larva into the skin is followed by the death of about 
80 per cent. of the larva within forty hours; we recorded that 
many of the larvae which died in the skin of the immune animal in 
this manner had their posterior end covered by an adherent cap 
consisting of semi-disintegrated cells lying in a homogeneous matrix. 
We have investigated this phenomenon much more fully, especially 
during the first twenty-four hours, 1.e., before the death of the larvae 
in the immune animal, and have found that while only about 50 per 
cent. of such larvae extracted from an immune animal after twenty- 
four hours showed a definite cap, all showed the presence of a loosely 
adherent whitish coagulum surrounding them and giving the larva 
a woolly appearance. Larvae removed from normal animals rarely 
showed more than a trace of such a coagulum and then sparsely and 
irregularly distributed. In addition to this confirmation of our 
previous findings, we have now demonstrated the fact that all larvae 
extracted from the skin of immune guinea-pigs have their gut 
distended with a mass of fine granules, a condition not found in 
larvae similarly extracted from non-immune animals. 

The main points of difference observed between larvae at twenty- 
four to forty-eight hours in an immune animal and a normal animal 
are as follows :— 


Non-immune Immune 
j 
1 | Extracted with difficulty. _ Easily extracted. 
2 | Alive and active. | Dead or feebly moving. 
3 | Obviously increased in size. | No increase in size, sometimes shrunken. 
4 No adherent coagulum. | Adherent coagulum. 


5 | Gut normal in size and appearance, contents | Gut distended, sometimes enormously so, 
| usually very translucent. | with fine opaque granules. 


Some of these points are shown in the illustrations (fig. 6) below. 
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We endeavoured to imitate in vitro the sequence of events which 
led to the death of larvae in an immune animal. First instar larvae 
from one to five days old, taken from the sand in the breeding cages, 
were immersed in sera obtained from immune and non-immune 
guinea-pigs and examined at intervals. No precipitate formed 


First instar larva after 48 hours in guinea-pig (immune). Length r'ig mm. 


Fic. 6c: 


around the larvae within a period of about two days’ observation ; 
and as we stated in our previous paper, the immune serum had no 
more lethal effect than the non-immune serum. When first instar 
larvae which had been allowed to develop for twenty-four hours in 
a non-immune animal, were similarly tested, the results were 


Fic. 6a. First instar larva after 24 hours in non-immune guinea-pig. Length 1°31 mm. 
: 
> > 
Fic. 6b. First instar larva after 48 hours in non-immune guinea-pig. Length 1°52 mm. 
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strikingly different When such larvae were immersed in the non- 
immune serum, no precipitate formed round them for a considerable 
period, but when similar larvae were immersed in immune serum, a 
precipitate quickly formed round them and this precipitate gradually 
increased in density. We came to the conclusion that this difference 
noted after immersion in immune serum between larvae from sand 
and larvae, of similar age, from an animal, might be due to the fact 
that larvae free-living on the sand were obtaining no food and 
had the gut empty, whereas larvae on the animal were obtaining 
food and were excreting. The excreta, as we have shown, give a 
positive precipitin reaction with immune serum and we therefore 
thought it highly probable that the coagulum invariably found 
on larvae extracted from the skin of immune animals is the result 
of the interaction of the antibody in the animal’s tissues and the 
antigen present in the excreta of the larva. This precipitin would 
also explain the distension of the gut by fine granules which we 
have observed in larvae extracted from immune animals. 

In support of this view, we have observed that the clear exudate 
from a cavity left by a larva in a non-immune animal, produces a 
marked precipitate when mixed with immune serum. During the 
course of the precipitin tests it was observed that two guinea-pigs 
lost their immunity. At the same time that these animals lost 
their immunity it was noted that their precipitin reaction with 
larval excreta became markedly reduced. In both of the animals 
the haemocoele fluid precipitin remained high. These facts are 
shown in tabular form below. 


Haemocoele fluid Excreta 


Precipitin 
reaction with 


| 
| 
| 


Before breakdown | During breakdown | Before breakdown During breakdown 


of immunity | — of immunity of immunity of immunity 
| 
| | 
Guinea-pig I... +++ tr. 
Guinea-pig 2... | tr. 


A third animal in which immunity broke down also showed a 
definite diminution in the precipitin reaction with the excreta, but in 
this case the action with the haemocoele fluid was also reduced. 
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We may briefly summarise the facts which we have ascertained 
from our experiments as regards the association of the larval excreta 
and immunity. 

I. The serum of guinea-pigs on which larvae have developed 
naturally, always gives a precipitin reaction with the larval excreta. 

2. The excreta of larvae give a strong precipitin reaction with 
the serum of immune animals so long as they retain their immunity. 

3. The injection of larval excreta into normal guinea-pigs always 
results in the production of a specific precipitin. 

4. Local animals which give a negative precipitin reaction 
always allow the development of a greater proportion of larvae than 
local animals which give a positive reaction. 

5. Larvae recovered from immune animals before the immune 
animal has had time to destroy them always show a precipitate 
around them. Larvae removed from non-immune animals very 
rarely show any such precipitate and where they do it is trivial in 
amount. 

6 . Larvae recovered from immune animals always have their 
gut distended with fine granules. Larvae of a similar age recovered 
from previously uninfected animals do not exhibit this condition. 

7. Larvae from non-immune animals when removed alive and 
immersed in immune serum invariably develop a precipitate round 
them, whereas when such larvae are placed in non-immune serum, no 
precipitate forms. 

8. Fluid taken from the cavity previously occupied by the larva 
similarly gives a precipitate with immune serum, but not with non- 
immune serum. 

9g. When immunity breaks down from any cause the precipitin 
reaction with the excreta becomes markedly diminished. 

So far as our experiments have gone, therefore, we have produced 
a considerable amount of evidence to show that the precipitate which 
is always formed in the gut of, and round, the larva in immune 
animals (fig. 7) is due to the interaction of the animal’s serum with 
the excreta of the larva. It seems reasonable to suppose that the 
apparent blocking of the gut and the enveloping precipitate round 
the cuticle must hamper the normal development of the larva and 
may be the direct cause of the death of the parasite, in the skin of 
the immunc host. We are at present engaged in carrying out a 
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series of experiments in order to ascertain whether the excreta of the 
third instar larva of Cordylobia anthropophaga can be used successfully 
as an antigen with which to produce immunity. 


Fic. 7. Composite figure from camera lucida drawings of first instar larva remoyed after 
48 hours from immune guinea-pig. Showing cap over head and tail. 


The practical value of the preciprtin reaction. 


It would appear that we have in this reaction with haemocoele, 
fluid or excreta a test which should be of great value in the early 
diagnosis of Hypoderma infections. At present no means of 
diagnosing Hypoderma infection exists until the full-grown larva 
appears in the skin of the back about seven or nine months after 
infection takes place. In connection with this we may quote Bishopp 
and others (1926), who write in No. 1369 of ‘ The United States 
Department of Agriculture Bulletin’: ‘ The importance of H. bovis 
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as a Cattle pest is sufficient to warrant serious consideration of ways 
and means of checking its spread in this country. It may not be 
available to take legal steps to meet the situation, but certainly 
stock raisers should recognise the danger of bringing cattle infested 
with H. bovis into regions where that pest does not exist, and take 
due precautions to destroy all grubs which reach the subcutaneous 
tissues of the backs during the spring and summer following the 
arrival of the cattle. Certain uninfested foreign countries have 
enacted legislation designed to prevent the establishment of 
Hypoderma. Australia, for instance, has a law prohibiting the 
introduction of cattle from the United States, the British Isles, and 
other infested countries except during the period from December 1 to 
May 31. Present knowledge of the seasonal history of Hypoderma 
shows clearly that such a restriction would not give a complete 
protection against the introduction of the pests. It would appear, 
however, that some system by which the animals could be kept under 
surveillance and all grubs destroyed during the period of one full 
year after importation would be effective.’ 

Before the reaction which we have here described can be proved 
of practical value, it will be necessary to show that it is sufficiently 
specific to enable us to distinguish Hypoderma infestation from 
infestation with other parasites such as helminths. So far as Great 
Britain is concerned, the question of other myiasis in cattle would 
not lead to confusion unless a double infection exists. Even then 
it should not occur because we have been able to distinguish by the 
sharpness of the reaction the coelomic fluids of such closely allied 
insect parasites as Cordylobia and Sarcophaga. One of the experi- 
ments is given below. . 


Ilaemocoele fluid 


Number Type of 


| 
of guinea-pig | Cordylobia | Sarcophaga 
serum | 
| mins.at | mins.at | mins. at 15 mins. at 
room temp. | C. | room temp. <. 
| | | 
| 
2 Immune No. 1 | | ° 
3 Immune No. 2 | | 
| 
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It being apparently possible to distinguish by the precipitin 
reaction parasitism by two closely allied insects, we should not 
anticipate that the serum of animals harbouring helminthic parasites 
would on that account cause confusing positive precipitin reactions 
when using Hypoderma antigen. 


SUMMARY 


I. Injections of whole first instar Cordylobia anthropophaga 
larvae and antigens prepared from the cuticle, salivary glands and gut 
of third instar larvae have only produced immunity in a few isolated 
instances and then only after the injection of relatively very large 
amounts of such antigens. The toxicity of these antigens and the 
development of immunity to such toxins has been studied. 

2. The following enzymes have been found to occur in the third 
instar larva :—Amzylase, invertase, maltase, trypsin, erepsin,. lipase 
and tyrosinase ; an account is given of their distribution and relative 
concentration. 

3. Immune and non-immune guinea-pigs’ sera were found to 
possess both amylase and lipase. In a few experiments the presence 
of an invertase accelerator was also demonstrated. . 

4 Neither immune nor non-immune animals showed any anti- 
enzyme to amylase, invertase, or lipase. Both immune and non- 
immune animals possessed to an equal extent anti-trypsin and 
anti-tyrosinase. 

5. Injection of amylase, invertase, and lipase into guinea-pigs 
was not followed by the development of an anti-enzyme. Injection 
of tyrosinase (i.e., the haemocoele fluid of third instar larvae con- 
taining both tyrosinase and tyrosin) into guinea-pigs did not increase 
the already existing anti-tyrosinase. 

6. Injection of trypsin into guinea-pigs was followed by the 
further development of anti-trypsin, but animals which had acquired 
this antibody possessed no immunity to Cordylobia larvae. 

7. The power possessed by third instar larvae of resisting long 
periods of oxygen deprivation has been studied. We have reached 
the conclusion that this power is dependent on the enzyme tyrosinase 
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present in the haemocoele fluid of the larva. Our experiments have 
confirmed and amplified the work of Barnes and Grove (1916). 

8. Eosinophilia followed the injection of the haemocoele fluid or 
excreta of third instar larvae into guinea-pigs. A similar result 
did not follow the injection of whole first instar larvae, or of antigens 
prepared from the cuticle, salivary glands or gut of third instar larvae. 

g. No precipitin in the serum of previously infected animals 
could be demonstrated to antigens composed of ground first instar 
larvae or of cuticle, salivary glands or gut of third instar larvae. 
The injection of large amounts of these antigens only rarely led to the 
development of a weak specific precipitin. 

10. A precipitin has been shown to exist in the serum of 
previously infected animals to the haemocoele fluid and excreta of 
third instar larvae. No such precipitin was ever demonstrated in 
the serum of animals which had not been infected. 

11. The death of the larva in the immune animal has been 
shown to be very closely associated with the reaction between the gut 
contents of the larva and the serum of the immune animal. 
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BACTERIOLOGICAL INVESTIGATION ON 
CORDYLOBIA ANTHROPOPHAGA IN RELATION 
TO THE IMMUNITY PRODUCED BY IT 


BY 


MARION WATSON 


In papers previous to the one of which this bacteriological 
investigation forms a part, Blacklock and Thompson (1923), and 
Blacklock and Gordon (1927) have shown that an immunity to the 
attack of the larvae of Cordylohia anthropophaga can be produced 
experimentally in guinea-pigs as the result of repeated infection by 
the larvae. The factor responsible for the production of the 
immunity is still unknown and the investigation detailed below was 
undertaken in an attempt to ascertain what part, if any, bacteria 
play in the production of the immunity. The work done has been 
mainly of a preliminary character, and the experiments carried out 
do little more than pave the way for future work, but it was evident 
that such preliminary work was necessary. From the literature 
available for reference no information could be got regarding the 
normal bacterial flora of the skin of guinea-pigs and other common 
hosts of C. anthropophaga larvae, and as the site of election of the 
larvae is the superficial layers of the skin, it seemed desirable that 
the foremost step should be to find out what organisms normally 
were present in such skins. The first part of this paper, therefore, 
deals first with the organisms isolated from the skins of two groups 
of guinea-pigs, (a) those with normal skins infected with 
C. anthropophaga larvae, and (b) those whose skins, as the result of 
repeated experimental infection, were immune to further attack by 
the larvae ; and secondly, with the bacteria isolated from the skin 
of rats. The second part of the paper deals with the identification 
of the bacterial flora of the parasite itself at its various stages of 
growth, the material for examination consisting of whole flies or 
larvae, or of their intestinal contents. 

In this first part of the investigation, it was thought desirable 
to get an all-round view of the situation before concentrating on 
any one point, and in consequence the numbers in each series of 
experiments are small. For this reason the results, although they 
show a considerable degree of uniformity, are open to criticism. 
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Many of the organisms isolated are still unidentified but it is 
hoped that the majority of these may be identified later. It was 
only after the completion of the bacteriological examination of the 
larvae that the work of Graham Smith (1913) became available for 
reference, and it is proposed, at a later date, to classify, more in 
accordance with his grouping, the non-lactose fermenting, non- 
gelatin liquefying organisms isolated from the intestinal tracts of 
flies and larvae. 


Organisms cultivated from the skin of guinea-pigs. 


The skins of ten guinea-pigs were examined. Five of these 
guinea-pigs were imported English guinea-pigs whose skins, as a 
result of repeated experimental infection, had been rendered immune 
to further infection by the larvae, and five were imported English 
guinea-pigs which had received no experimental infection. The 
method of obtaining skin for examination was the same for all the 
guinea-pigs, and was as follows : 

Without any preliminary sterilization an area of the abdomen of 
each guinea-pig was dry-shaved and a piece of skin, measuring 
3 to 4 mm. in diameter, was removed with sterile scissors and forceps, 
care being taken to remove only the superficial layer of skin and to 
avoid bleeding. Each piece of skin after removal was stroked on 
ordinary agar and McConkey agar plates, and then was placed in a 
test-tube containing nutrient broth. 

Another portion of the shaved area of skin of each guinea-pig’s 
abdomen was then cleaned with iodine and spirit, to kill surface 
organisms, and the procedure repeated. 

Colonies of various types were picked off the agar and McConkey 
agar after 24 hours’ and 48 hours’ incubation under aerobic conditions 
at 37° C., and replated. The broth cultures, incubated aerobically 
at 37° C., were plated on agar daily for 7 days, and from these 
plates colonies were picked off and replated, and replating was 
continued until pure cultures were obtained. The large number of 
spore-bearing organisms present made the separation of organisms 
in pure culture difficult, and in the case of some organisms replating 
over a period of several months was necessary before pure cultures 
were got. Contamination of plates was rapid, and because of this 
colonies appearing later than 48 hours’ incubation were ignored 
unless their number and distribution on the plate justified the 
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assumption that their presence was not due to contamination. 
The appearance of moulds on the plates was frequent, but no examina- 
tion of these was made. Each organism, when obtained in pure 
culture, was investigated fully as to morphology and cultural 


characteristics. 


From the ten guinea-pigs, 128 organisms were isolated, but 15 
of these were found to be present in duplicate form in the 
same animals, and, although fully examined, have been omitted 
from the following tables. The distribution of the remaining I13 
organisms among the ten guinea-pigs is given in Tables [| and II. 


Tasie I. 


Showing the number of organisms isolated from the skin of normal guinea-pigs. 


Skin dry shaved Skin dry shaved and cleaned 


Normal Guinea-pig 1 g organisms | 3 organisms 
Normal Guinea-pig ... 12 4 
Normal Guinea-pig 3... 5 3 

43 ” 17 ” 


Tasre IT. 


Showing the number of organisms isolated from the skin of immune guinea-pigs. 


Skin dry shaved Skin dry shaved and cleaned 
Immune Guinea-pig 1 6 organisms 3 organisms 

Immune Guinea-pig 2. ... 10 4 

Immune Guinea-pig 3 5 z 

Immune Guinea-pig 4... wie 9 3 

Immune Guinea-pig 5... 8 3 
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Seventy-eight of the 113 organisms have been identified, and the 
distribution of these 78 organisms among the ten guinea-pigs is 


shown in Table ITT. 
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IIT. 


Showing the distribution of various identified skin organisms among normal and immune guinea-pigs. 


Normal Guinea-pigs 


Immune Guinea-pigs 


I 2 3 4 5 I 2 3 4 5 | 
| 
| Total | Yotal 
ZA lO 10 14 [4 (0 | |4 |4 [4 
| | | | | 
| | | | 
Actino. graminis, | | | 
psuedo- | | | | 
| | 
| | | 
Sta. albus . + | — | = 3 - | | = | 3 
| | | 
. . i 
Past. pseudo- | | | | | 
B. megatherium -) -| - | 4 | —-|+i+i+ | + | 4 
; | | \ | | 
B. mesentericus | | | | | | | 
B. mesentericus | | | | 
| 
B. mesentericus | | 
B. anthracotdes | | all -|-|-|- +/+ - | 2 
| | | | 
| { | | | | | | 
Totals...) 5/ 6] 3' 5| 3| 5, 4| 4) 48 | S|] 2) 4] 2] S|] 2] S| 3] ©) 3) 
| | | | 


| 
| 
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Of the 35 organisms not yet identified, in the normal skin group 
2 were cocco-bacilli, 4 were non-sporing bacilli, and 13 were 
sporing bacilli; in the immune skin group 3 were cocci, 3 
were cocco-bacilli, 4 were non-sporing bacilli, and 6 were sporing 
bacilli. Of the non-sporing bacilli, 3 in the normal skin group and 4 
in the immune skin group were coliform-like organisms resembling 
those isolated later from rat skins, flies, and larvae. Tables IV and 
V show the distribution of these unidentified organisms. 


‘Taare IV. 


Showing distribution of various unidentified skin organisms among normal guinea-pigs. 


Normal Guinea-pigs 


; i 2 3 + 5 
Normal | Cleaned | Normal | Cleaned | Normal Cleaned Normal Cleaned Normai ic leaned | 
skin | skin | skin | skin skin’, skin skin skin skin skin 
Cocci | 
Cocco-bacilli | I | I | 2 
Bacilli ... 1 | 1 | I | 4 
Totals ... 4 | 6 I 6 2 1g 
V. 
Showing distribution of various unidentified skin organisms among immune guinea-pigs. 
Immune Guinea-pigs 
| I 2 | 3 4 5 
Organisms -- ‘Total 
, Normal | Cleaned Normal | | Cleaned | Normal | Cleaned Niamad Cleaned | Normal | | Cleaned 
| skin skin skin | skin | skin | skin skin skin skin | skin 
Bacilli ... I 1 | I I | | 
| 
| | | 
Sporing bacilli...) ... 3 3 6 
| 
Totals .... I 6 2 | 4 
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Organisms cultivated from skins of rats. 


The skins of ten local wild rats were examined, the technique 
throughout being the same as that employed in the examination of 
the guinea-pigs’ skins. Some of the skins examined showed evidence 
of infection with C. anthropophaga larvae, and some appeared 
free from infection. It is probable, however, as the incidence of 
infection among local wild rats is high, that those rats which showed 
no evidence of infection at the time of examination may have had 
one or more previous infections. 

From the ten rats, 58 organisms were isolated, and their distribu- 
tion among the rats is shown in Table VI. 


Taste VI. 


Showing number of organisms isolated from the skin of rats. 


| Skin dry shaved Skin dry shaved and cleaned 
| 
| 
Rat 1 5 organisms 3 organisms 
Rat 2 5 2 ” 
Rat 3 4 | 2 
Rat 4 ae 4 ” | 2 ” 
Rat 5 | 3 | 2 
Rat 6 4 | ” 
{ 
Rat 7 4 I ” 
Rat 8 | 4 ” | I ” 
Rat 9 3 “ | I - 
Rat 10 4 ” 
40 18 


Sir. face 


Sta. albt 


Sarcina 


| Ps. pyoe 


Proteus 


Bact. ce 


Colifors 


Colifor 


Colifor: 


B. subt: 
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Forty-five of the 58 organisms have been identified, and Table VII 
shows their distribution among the ten rats. 


VII. 


Showing distribution of identified skin organisms among ten rats. 


Ratr | Rat3  Raty Rats | Rat6 Ratz RatS  Ratg | Ratto 


| | 
| | ! 
esies| 25,65) 25 8s: ssi 2s es 
Cul Vu! gu ou! Ow Su! Su! Su CV] Vu Cw] 
2/10 14 |0 41/10 (4 10 14 42410 14 10 [4 
i | | 
| | | 
| 
| | 
| 
= 
| | | | 
| | 
| 
| | | 
| | | 
| 


| 
+ 

| 


Coliform-like organism 1... 


| 

| | | | | | 
| | | | 


Totals 
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Thirteen organisms have not been identified. Of these, 2 are 
coccl and Ir are sporing bacilli. Their distribution among the 
rats is shown in Table VIII. 

Tasce VIII. 


Showing distribution of unidentified organisms among ten rats. 


Rats 
2 3 4 5 6 Io | 
| | | j | | | 
| | | | | | 
6.8) 6.5) 6.8) 6.6) 2.8) 6.5) 6.51 6.2186) 65) 68) 
les 10 [0 [4 10 [4 10 14 [4 10 | 
| 
| | | 
~ | | 
! j 
| } 
| | | | | 
| | | | | | 
| | | 
Totals I o 2) 1 2; 1 of 2] of of o| #83 


Examination of newly-hatched flies. 


Thirteen pupae, taken from the stock used for breeding purposes, 
were placed in 50 per cent. alcohol for 20 minutes. They were 
then removed to sterile test-tubes, and the alcohol allowed to 
evaporate. When free from alcohol, each pupa was dipped in a 
test-tube containing nutrient broth, to test the sterility of the 
exterior of the pupa, and then replaced in a sterile test-tube. No 
growth was obtained from any of the 13 tubes of broth thus treated. 
From the 13 pupae, 11 flies hatched out. One of these flies 
escaped, but each of the remaining 10, after hatching from the 
pupa, was removed to a test-tube of nutrient broth and broken up. 
All 10 broth tubes showed a heavy growth after 24 hours’ 
aerobic incubation at 37° C., and the cultures were then plated out 
on agar and McConkey agar. Table LX below shows the organisms 
isolated and their distribution. 

At the time when the pupae were collected, their source of origin 
was not noted, and it is possible that more than one pupa came 
from the same fly. This may in part account for the incidence of 
such organisms as Proteus vulgaris and Pseudomonas pyocyanea. 
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Taste IX. 


Showing distribution of organisms isolated, among ten flies. 


| 
| 


Fly | Fly — Fly | Fly | Fly) Fly | Fly | Fly | Vly Fly _ | Total 


Organisms 2 3 4 5 6 7 8 9 10 


wo 


Bact. morgant — -- + 5 - I 


Coliform-like | 
Organism 1...) + + - + +) +) + 


Coliform-like | 


Organism ...| + + | | + + 6 
Coliform-like | | 

Organism - = + | + 4 

Totals...) 4 3 4 £1 4 3 3 3 32 


Examination of third instar larvae. 

Ten third instar were examined, and in six of these ten material 
from the rat host was examined also. 

Larva 1, after removal from the rat, was washed repeatedly in 
sterile saline, and after the final washing, a small drop of faeces was 
pipetted from the anus by means of a sterile Pasteur pipette. 

Larva 2 was dipped in absolute alcohol and flamed, and a drop of 
faeces, mixed with coelomic fluid, pipetted from the rectum. The 
larva was then dissected and the whole alimentary tract removed 
and ground up in nutrient broth. 

Larvae 3 and 4 were removed with sterile forceps from the rat 
after cleaning up the wound of entrance with iodine and spirit. 
The larvae were placed in 50 per cent. spirit for fifteen minutes, and 
then removed to a sterile Petri dish and the spirit allowed to 
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evaporate. A drop of faeces was removed from the anus with a 
sterile pipette. 

Larva 5 was treated as larvae 3 and 4, but in addition, immediately 
after the removal of the larva from the rat, some of the fluid in the 
wound cavity in the rat was pipetted off and added to nutrient broth. 
lurther, after cleaning the shaved skin with iodine and spirit, a drop 
of blood was taken from the rat’s tail (Rat 148) and cultured in broth. 


From this blood two organisms were isolated, but their presence. 


was probably due to contamination of the blood from the skin, as a 
second culture of the same rat’s blood was sterile. 

Irom larvae 6, 7, 8, 9 and 10, after preliminary cleaning of the 
wounds in the rats and sterilization of the exterior of the larvae in 
50 per cent. spirit, faeces and fluid from the wound cavities were 
cultured. 

In all the above examinations the material obtained was grown 
aerobically in broth at 37° C., and the broth plated on plain agar 
and McConkey agar after 24 hours’ and 48 hours’ incubation. After 
a further 24 hours’ incubation, colonies were picked off and replated, 
and replating was continued until it appeared certain that the 
different organisms had been obtained in pure culture. The 
morphological and cultural characteristics of each organism was 
then investigated. 

The sterility of the exterior of the larvae after 15 minutes’ 
immersion in 50 per cent. spirit, was tested by allowing the larvae, 
after removal from and evaporation of the spirit, to crawl over agar 
plates. From the five larvae thus examined, no organisms other than 
those isolated later from the faeces of the same larvae were cultivated. 


Material Examined. 
Third instar larva I. Faeces. 
Third instar larva 2. Faeces and coelomic fluid. Intestinal tract. 
Third instar larva 3. Faeces. 
Third instar larva 4. Faeces. 
Third instar larva 5. Faeces. Fluid from wound cavity in rat 148. 
Third instar larva 6. Faeces. I‘luid from wound cavity in rat 169. 
Third instar larva 7. Faeces. [Fluid from wound cavity in rat 166. 
Third instar larva 8. Faeces. [T‘luid from wound cavity in rat 167. 
Third instar larva 9. Faeces. Fluid from wound cavity in rat 168. 
Third instar larva 10. Faeces. Fluid from wound cavity in rat 172. 
Rat 148. Blood. 


The organisms isolated are shown in Table X. 
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TaBLe X 


Showing distribution of organisms isolated, among ten third instar larvae. 


Coliform- | Coliform- Bact. 
Larvae Bact. | Proteus like like Strept. | Ps. pyo-| alkali- | Diplo. | Total 
morgant | vulgaris | organism 1| organism 2} faecalis | cyanea | genes | crassus 
va I 
arva 2 
(a) Faeces and coelomic fluid - + + + + +4. aan i 5 
(b) Intestine - + + + 5 
arva 3 | 
Faeces ees ees | + + o 4 
arva 4 | 
Faeces | + + + +4. + 5 
arva § 
(a) Faeces ... one eve + + + 5 
(b) Wound cavity .. wing + + | 3 
(c) Rat blood eee + | = 2 
rva 6 | 
Wound cavity ... + + + + 4 
arva 7 
(a) Faeces + + - + 3 
(6) Wound cavity + + 3 
arva 8 
(6) Wound cavity | + + + ~ 3 
Jarva g 
kirva 10 | 
(a) Faeces | + + ~ 2 
(b) Wound cavity ‘ | | + | + _ om 2 
Totals ... Pe I 18 | 16 8 II 3 I 2 60 
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Examination of first instar larvae. 


In all, 30 first instar larvae were examined. Twenty of these 
were treated by immersion in 50 per cent. alcohol. They were then 
allowed to drain on sterile filter paper, and after the alcohol on the 
skin had evaporated the larvae were ground up in nutrient broth. 
The twenty broth tubes were incubated at 37° C. for 14 days, and 
were plated on agar daily. Nineteen of the broth tubes remained 
sterile, the twentieth showing a growth of B. subtilis. 

All the 20 larvae were alive when removed from the alcohol, 
and it was later found that first instar larvae survived one and a half 
hours’ immersion in 50 per cent. spirit. 

The skins of the remaining 10 larvae were sterilised by dipping 
the larvae in absolute alcohol and then burning off the spirit. The 
larvae were ground up in broth which was incubated at 37° C. for 14 
days and plated on agar daily. All ten broth tubes were sterile 
after 14 days’ incubation at 37°C. 


Examination of eggs. 


Difficulty was experienced in sterilising the exterior of the eggs 
of C. anthropophaga and 15 minutes’ immersion in 50 per cent. 
spirit did not suffice for sterilization. The eggs were surrounded 
by a sticky gelatinous substance with grains of the sand in which they 
had been laid adhering to them, and it was only after careful 
separation of the eggs and immersion in 50 per cent. alcohol for one 
hour that the exterior of the eggs was found to be sterile. After 
sterilization the eggs were removed from the spirit one by one, drained 
on sterile filter paper, placed on sterile agar slopes, and allowed to 
hatch out. Of a total of 97 eggs, 88 larvae hatched out. After 
emerging from the eggs, the larvae were removed to tubes of nutrient 
broth, in which they were ground up. The tubes were incubated 
at 37° C. for 14 days, and the broth plated out daily onagar. Neither 
on the agar slopes on which the eggs hatched out, nor from the 
newly-hatched larvae themselves was any growth got, all the 88 
larvae which hatched out proving sterile. 
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CONCLUSIONS 


1. That in the two groups of guinea-pig skins examined, the 
bacterial flora of the non-infected skins differed little from that of the 
immune skins, and further, that no one organism was constantly 
present and peculiar to one group or the other. 

2. That the bacterial flora of the rat skins examined, although 
less varied than that of the guinea-pig skins, did not differ materially 
from the latter. 

3. That the newly emerged C. anthropophaga, hatched under 
sterile conditions, contains organisms similar to those isolated 
from the intestinal tract of third instar larvae. 

4. That third instar larvae of C. anthropophaga have intestinal 
tracts containing many bacteria, and that the organisms probably are 
derived largely from the skin or tissues of the host in which they 
have grown. 

5. That the first instar larvae of C. anthropophaga, on emergence 
from the eggs, are sterile. | 

6. That the interior of the eggs of C. anthropophaga, laid by 
flies which have been bred without any precautions to ensure sterility, 
is sterile. 
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EXISTING EVIDENCE 


Very little is known regarding the transmission of malaria in 
Sierra Leone. Below is shown a list of the anophelines which are 
known to occur there, together with notes on their habits and such 
records of dissection as we have been able to find cited in the 
literature. 

It is obvious from the work of Covell (1927) and others that, 
in order to incriminate any species as an actual transmitter of 
malaria, it is necessary to show that after a bred mosquito has had an 
infective feed, sporozoites subsequently appear in its salivary 
glands. This fact, alone, only proves that the species under 
consideration is a potential carrier: in order to prove that it infects 
man in nature and to estimate its importance in this connexion the 
following additional points should be investigated. (1) Does it 
readily bite man? (2) Does it frequently occur in human dwelling 
places? (3) To what extent is it found naturally infected? A 
minor point mentioned by Swellengrebel, Schiiffner and S. de Graaf 
(1919), is the possibility of the vegetable food of the female interfering 
with the development of the malaria parasite. Mayne (1928) records 
that A. subpictus (rossit) is capable of infection in the salivary glands 
with sporozoites as a result of feeding on birds suffering from 
Plasmodium praecox : this species of anopheline is already known to 
be capable of infection with all three forms of human malaria, so that 
Mayne’s observation emphasizes the essential importance of feeding 


experiments carried out with bred mosquitos. 
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Anopheles (Myzomyia) domicolus Edwards, 1916. 


Only one record of this species is known from Sierra Leone 
(Blacklock and Evans, 1926). 


Anopheles (Myzomyia) funestus Giles, 1900. 


This is a common Sierra Leone anopheline. Evidence from 
the Gambia, Dutton (1902), Zanzibar, Mansfield-Aders (1927), and 
elsewhere, shows that it occurs frequently in houses and readily 
bites man. Daniels (1901) fed 57 ‘ wild’ A. funestus on a crescent 
carrier: 27 became infected, 2 having sporozoites in the salivary 
glands. Ross, Annett and Austen (1900) fed 5 ‘ wild’ mosquitos 
on a quartan carrier ; of two subsequently dissected, one was found 
infected with zygotes only. Newstead, Dutton and Todd (1907) 
state that ‘ Malaria parasites were seen to develop in these mosquitos 
at Lusambo.’ It is evident from the above findings that A. funestus 
is probably a transmitter, but the use of wild mosquitos in the 
experiments referred to precludes the possibility of certainty. The 
finding of naturally infected mosquitos in native houses supports 
the possibility of its being a true natural transmitter. Thus Wood 
(1915) dissected 100 specimens from habitations in Sierra Leone, and 
found a sporozoite rate of 11 per cent., and Mansfield-Aders (1927) 
dissected 1,167 specimens from houses in Zanzibar, and found 
sporozoites in the salivary glands of 80, or 7 per cent. Lamborn 
(1925), while in Nyasaland, examined 430 of this species and found 
10 infected in the gut, and 2 infected in the salivary glands. Dutton 
(1902) dissected a mixture of 24 A. funestus and A. gambiae, and found 
one gut and one gland infection amongst the A. funestus so dissected, 
though the actual number of this species examined is not stated. 
Schwetz, Collart and Geernick (1929), in the Belgian Congo, dissected 
191 females caught in houses and found 4 per cent. with infection 
of the salivary glands. Strickland (1929), in Assam, found 19 
similarly positive amongst 1,489 dissected. 


Anopheles (Myzomyia) gambiae Giles (1902). 


This mosquito, which is by far the commonest anopheline in 
Sierra Leone, has always been regarded as the most important 
malaria transmitter there. It is frequently found in houses, both 
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native and European, and readily bites man. The evidence 
regarding experimental infection is surprisingly scanty; the only 
record we are aware of is that of Ross, Annett and Austen (1900), who 
fed one ‘wild’ A. gambiae on a quartan carrier and found, on dissection, 
two days later, that it was infected with zygotes. The evidence 
as regards natural infection is much more abundant; thus Wood 
(1915) found sporozoites in the glands of 8 out of gI examined 
(8-8 per cent.) in Sierra Leone, and Mansfield-Aders (1927), who 
dissected 1,833 specimens from houses in Zanzibar found sporozoites 
in the glands of 134 (7-7 per cent.). Ross, Annett and Austen (1900) 
dissected 109 mosquitos of this species, and found 27 gut infections ; 
in 5 of these (4:5 per cent.) the salivary glands were also infected. 
Dutton (1902), in the Gambia, similarly found 4 gut and 1 gland 
infection amongst 36 dissected (3 per cent.) ; Dutton and Todd 
(1906), in the Belgian Congo, dissected 92, none of which proved to be 
infected. Hill and Hayden (1905) found 13 (14:2 per cent.) infected 
in both gut and glands, out of gr dissected in Natal. Lamborn 
(1925) found 10 gut infections amongst 121 examined. Schwetz 
(1929) found gland infections in 114 amongst a total of 992 dissected. 

It is obvious from these results that though the cumulative 
evidence that A. gambiae is a transmitter is almost conclusive, yet 
the entire absence of experimental infection of bred mosquitos makes 
it clear that further experiments are required before the evidence 
against this important anopheline is complete. 


Anopheles (Myzomyia) marshalli Theobald (1905). 


Varieties of this species are recorded from Sierra Leone by Evans 
(1927) ; little is known as to its habits, but it has been recorded from 
houses by Newstead, Dutton and Todd (1907), and Schwetz (1929). 
The latter author supplies the first record of natural infection 
occurring in this species. He dissected 154 A. marshalli var. mouchett 
and found 7 (4:5 per cent.) infected in the salivary glands. We have 
failed to find any record of experimental infection. 


Anopheles (Anopheles) mauritianus Dabuty and d’Emmerez (1900). 


This mosquito is known to occur in large numbers in parts of 
Sierra Leone, and Gordon (1929) has noted it as being numerous in a 
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European house. It has also been found in tents and houses in 
Egypt, by Kirkpatrick (1925), while Macgregor (1924) says that it 
not only goes into the houses, but bites in the open at any time of day 
or night though insusceptible to infection with malaria. 

In the original description of A. paludis, a species which was 
subsequently sunk as a synonym for A mauritianus, Theobald (1900) 
states that Major S. R. Christophers, who sent him the species, wrote 
in a covering letter, ‘ This species has been shown on two occasions to 
contain sporozoites in the salivary glands, though caught about a 
quarter of a mile from human habitation.’ Dissections of wild 
mosquitos by Dutton and Todd (1906) and Ross (1908) have not 
shown any infections, and the latter regards it as being of no 
importance in the transmission of malaria in Mauritius. 


Anopheles (Myzomyia) nili Theobald (1904). 


This anopheline was found breeding at Daru, Sierra Leone, by 
Blacklock (1925), who noted that although breeding close to dwelling 
places, it did not usually enter them. Only one specimen was found 
in a native house, in which very numerous A. gambiae were sheltering, 
although the breeding places of the latter were at a greater distance 
than those of A. mili Schwetz (1929), however, found 132 A. nila 
females amongst a total of 1,469 female anophelines collected from 
native houses at Stanleyville, Belgian Congo. Apparently no 
experimental investigation has been made of its powers of trans- 
mitting malaria; that it is possibly a carrier is shown by Schwetz 
(1929), who dissected 132 specimens caught in native houses in the 
Belgian Congo, and found 7, that is 5-3 per cent., infected in the 
salivary glands ; but in Sierra Leone, at any rate, it would seem, on 
account of its habits, to be unimportant. 


Anopheles (Anopheles) obscurus Griinberg (1905). 


From 1912 till the time of publication of Christophers’ (1924) 
memoir, this species was not distinguished from A. umbrosus. 
Existing records as to its presence in Sierra Leone and all relevant 
observations as to its habits were made between these dates, and 
much confusion has resulted We shall accept Evans’ (1927) 


{ 
| 


73 


classification, whereby all records of A. umbrosus from Africa are 
considered as A. obscurus. 

We have two records of this species from Sierra Leone. Blacklock 
(1925) found it breeding at Daru, and Wood (1915) captured three 
females in dwelling houses at Kaballa. There are no records of 
experimental or natural infections except Wood’s dissection of one 
wild mosquito which proved negative 


Anopheles (Myzomyia) pharoensis Theobald (1901). 


There are many records of this species entering dwelling places. 
It has been recorded from Sierra Leone, but we have no reason 
to think that it ever occurs there in large numbers. 

Amongst a total of five ‘wild’ A. pharoensts dissected by Dutton 
(1g02 and 1906), in the Gambia and the Congo, one was found infected. 
Newstead, Dutton and Todd (1907) remark that ‘ Malaria parasites 
were seen to develop in this mosquito at Boma,’ they give no further 
details of their experiments, but Bahr (1918), working in Egypt, 
dissected 36 specimens which had fed on a patient with 600 crescents 
per c.mm., and only found one mosquito infected; this insect 
showed two zygotes in the stomach. 

The evidence is at present too scanty to draw any conclusions 
regarding the part played by A. pharoensis, in the transmission of 
malaria in Sierra Leone, but if future investigations continue to 
show it as a rare species, this, combined with the apparent difficulty 
in infecting it, would render it of negligible importance as a 
transmitter. 


Anopheles (Myzomyia) pitchford: Giles (1904). 


The only records we can find of the occurrence of this species in 
Sierra Leone are those of Wood (1914 and 1915), who found it in the 
Koinadugu district, where, in four months, he captured seven 
females. He dissected three of these with negative results. 


Anopheles (Myzomyia) rhodesiensis Theobald (Igor). 


This species is widely distributed in Sierra Leone and in places 
breeds in very large numbers. There are extensive breeding grounds 
in the vicinity of Freetown. Wood (1915), in a search of European 
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and native quarters, at Koinadugu, in Sierra Leone, found that it 
was very numerous in the months of September and October, the 
numbers apparently falling off later in the year. Gill (1916) records 
having captured some recently fed specimens inside mosquito 
curtains and Kirkpatrick (1925) states that in Egypt the adults 
enter houses and bite viciously after dark. We can find no records 
of experimental attempts to infect bred mosquitos of this species. 

Wood (1915) dissected 37 A. rhodesiensis, caught in houses in 
Sierra Leone, and found 1 (2-7 per cent.) infected, whereas the 
sporozoite rates of A. gambiae and A. funestus, collected from the 
same places, were respectively 8-8 per cent. and II per cent. 


Anopheles (Myzomyia) smithit Theobald (1905). 

This species has, up to the present, only been recovered from one 
locality, Mount Aureol, near Freetown, Sierra Leone. According 
to Major Smith, R.A.M.C. [unpublished letter in the British Museum, 
quoted by Evans (1927)|, females gorged with blood were taken on 
the barrack-room walls at Mount Aureol. There is no information 
as to the part it takes in the transmission of malaria. 


Anopheles (Myzomyia) theileri Edwards (1912). 


This mosquito has been found breeding in the neighbourhood of 
Freetown, by Blacklock and Evans (1926) and near Mabang, Sierra 
Leone, by Gordon (1929). No dissections have been made. 

A study of these findings shows that in no species of anopheline 
recorded from Sierra Leone has it been shown that bred individuals 
develop sporozoites in the salivary glands after feeding on a suitable 
malaria carrier; and with only one species, A. funestus, have con- 
vincing feeding experiments with wild mosquitos been carried 
out. The evidence obtained as a result of dissections of mosquitos 
found in houses is more adequate ; from this we are led to regard 
A. gambiae and A. funestus as probable transmitters, and 
A. mauritianus, A. pharoensis and A. rhodesiensis as_ possible 
transmitters. 

It is obviously of the utmost importance to any Colony which is 
obliged to spend large sums of money annually in coping with its 
malaria problems, to have exact knowledge of the relative importance 
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of the existing anophelines. It was this absence of knowledge 
regarding the Sierra Leone species which encouraged us to undertake 
the observations which we record below. 

As the work must, of necessity, be of an intermittent nature, we 
propose to publish our results as they are completed. 


TECHNIQUE OF EXPERIMENTS 


Throughout the experiments only bred mosquitos were used, 
the larvae of which were obtained from known breeding places 
around Freetown. With the exception of A. smithi1, the adults were 
easily reared ; this latter species, as shown by Evans (1927), does not 
do well in captivity, but we overcame this difficulty by using a 
modification of Boyd’s (1927) drip apparatus, which yielded a 
plentiful supply of adults. This apparatus consists of an upper 
reservoir containing a dilute emulsion of yeast in water, which 
discharges into a series of gauze protected jars in which the larvae 
are placed; a small quantity of calcium carbonate is kept in each 
breeding jar, to conserve the alkalinity of the water. The details 
of the apparatus are sufficiently explained by the diagrams which 
illustrate this paper. The pupae were collected from the breeding 
jars daily and the imagines kept in cylindrical gauze-covered glasses, 
about four inches high and three inches in diameter. The jars 
were kept on trays covered with several layers of damp blotting 
paper to ensure sufficient humidity, and protected from ants by a 
water surround ; the whole apparatus being kept in a dark cupboard 
with a fairly constant temperature of about 25°C. In the intervals 
between feeding experiments, and before dissection, fresh raisins 
were placed on top of the mosquito netting and changed daily ; it was 
found necessary to cover these with a watch glass to prevent fruit 
flies breeding in them. Anophelines kept by this method remained 
alive for one or two months. 

Feeding experiments were usually conducted after dark at about 
6.30 in the evening. The patients were all native children receiving 
no quinine, and with a high proportion of gametocytes in their 
peripheral blood. In every case the number of gametocytes was 
checked by a thick film prepared from the patients’ blood after the 
mosquitos had completed their feed. The following morning the 
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mosquitos were liberated inside a large cage, those containing blood 
being removed, and kept in separate jars, until ready for dissection, 
generally about twelve to fifteen days after the feed. 
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Mob IFICATION OF Boyp’s Drip APPARATUS FOR THE REARING OF ANOPHELINE 
LARVAE. 


/ Wtre mosquito gauze 
cover 


Overflow pipe 
held in position 
with paraffin wax 


The glass dishes used are of the type employed for the exhibition of confectionery 
in shop windows. The hole for the overflow pipe is drilled with a diamond and 
provided with a fine wire gauze screen to prevent young larvae being washed away. 
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RESULTS OF EXPERIMENTS 


A. gambiae. 


Occurrence in Dwelling Places. This species 1s undoubtedly the 
commonest and the most widely distributed anopheline in Sierra 
Leone. In Freetown and, so far as we are aware, in other parts of the 
Colony, it is essentially a house haunting species and usually occurs in 
numbers far in excess of other anophelines, even when the larvae of 
the latter are found in greater numbers and closer to the habitation. 
Blacklock (1925) has drawn attention to this in comparing the 
numbers of A. gambiae and A. mili occurring in native huts at Daru 
and we, as we show later, have obtained similar results in the case of 
A. gambiae and A. rhodesiensis. Statements as to the preponderance 
of any species are, of course, only true of the actual period during 
which the observations are made; a distinct seasonal variation 
being often observable. Thus, during a month’s residence at 
Mabang, a village about forty miles from Freetown, we did not see 
a single specimen of A. gambiae, its place having been taken by 
large numbers of A. mauritianus and A. squamosus. On revisiting 
the same house six months later, not a single one of these species 
was observed, but large numbers of A. gambiae were captured on 
three successive nights. 

Feeding Habits. In our experience A. gambiae feeds voraciously 
on man at all hours of day and night. Experiments with bred 
mosquitos showed that nearly 70 per cent. of those given an 
opportunity fed. 

Natural Infections. We have already referred to the salivary 
gland infection rate as given by various writers ; the average of these 
results shows a rate of 7-1 per cent. ; our figure, derived from only 
21 mosquitos caught in native huts at Mabang, was 9:5 per cent. 

Experimental Infections. Of 21 A. gambiae fed on suitable native 
crescent carriers, three (14 per cent.) became infected in the salivary 
glands. 

Conclusions. We have shown that A. gambiae fulfils all the 
conditions necessary to constitute 1t a vector of malignant tertian 
malaria. Its distribution and feeding habits in Sierra Leone 
undoubtedly render it the most important transmitter of this 
disease. 
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A. rhodesiensis. 


Occurrence in Dwelling Houses. Gill(1916) considers this mosquito 
to be a domestic species and Wood (1915) found it in some numbers in 
dwelling places in Sierra Leone. During 1928 we searched a number 
of native houses in the immediate vicinity of two large breeding 
places near Freetown, and failed to recover a single specimen, 
though A. gambiae was relatively common. In one locality no 
A. gambiae breeding places were found in the neighbourhood of 
the houses, whereas A. rhodesiensis larvae were breeding in large 
numbers within 150 yards. During 1929 we had the opportunity 
of examining a number of native houses at the village of Aberdeen, 
near Freetown ; large numbers of A. rhodesiensis were found breeding 
in small rock pools about 10 feet above high tide level. A total of 
117 anophelines were collected from houses situated close to these 
breeding places; 5 of these proved to be A. rhodesiensis, the 
remaining 112 being A. gambiae. 

Feeding Habits. We have some evidence from Gill (1916) that this 
species feeds on man in nature, he having found recently-fed 
specimens inside mosquito curtains. In captivity, however, we have 
found them most unwilling to feed on man, only about Io per cent. 
of those given the opportunity drawing blood. 

Natural Infections. We have done no dissections of wild 
A. rhodesiensis as we were unable to find them in sufficient numbers in 
houses. As stated before, however, Wood (1915) found one naturally 
infected specimen out of 37 dissected. 

Experimental Infections. We have succeeded in feeding a 
total of 25 of this species, 18 on patients showing numerous crescents 
in their blood, and 7 on patients showing gametocytes of Plasmodium 
malariae. Of the 18 fed on cases of P. falciparum, 5 were dissected 
before the lapse of ten days, and 13 after ten days or more. One 
of the latter was found to have developed a fairly heavy infection of 
sporozoites in the salivary glands, the remaining 12 were negative. 
Six of the 7 fed on the patient with P. malariae were dissected 
after ten days, and 1 after six days only ; no developmental forms 

were seen in either the glands or gut. 
| Conclusions. Our experiments have proved that A. rhodestensis 
can be successfully infected in the salivary glands as a result of 
feeding on a patient whose blood contains P. falciparum game- 
tocytes, but when we consider their unwillingness to feed on man, » 
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their comparative rarity in dwelling houses close to breeding places, 
the relatively low infection rate found by Wood (1915) and the small 
proportion of salivary gland infections which followed successful 
feeding on suitable carriers, we must come to the conclusion that 
A. rhodesiensts is not an important carrier of malaria in Sierra Leone. 


A. smithit. 


Occurrence in Dwelling Places. Major Smith, in a letter exhibited 
in the British Museum, states that he captured this species on the 
walls of the dormitories in the native Barracks on Mount Aureol. 
These Barracks have now been deserted for several years and we have 
failed to find adult mosquitos in the few scattered native houses 
still left inhabited in the district. At the time that we examined 
these native houses, numerous A. smithii breeding places existed in 
the vicinity and adults were captured resting on the rocks close to the 
breeding pools. 

Feeding Habits. Evans (1927) found that bred females failed to 
feed on human blood, while under similar conditions 100 per cent. of 
bred A. gambiae engorged fully. In our experiments we also found it 
difficult to persuade captive A. smithit to feed on man. Of 63 
which were given an opportunity to feed on native children, 
only 6 (9:5 per cent.) availed themselves of the invitation, 
while of 40 A. gambiae similarly applied to the skin of the 
same children, 27 fed. That they fed on man more readily in 
nature is suggested by the fact that the specimens collected by 
Major Smith, in the Mount Aureol dormitories, included gorged 
females. 

Natural Infections. As already stated, we failed to obtain any 
specimens from houses. 

Experimental Infections. Six A. smithit were successfully fed on 
natives, with sexual forms of C. falciparum in their blood, on 
dissection, thirteen days later, two (40 per cent.) were found infected 
with sporozoites in the salivary glands. 

Conclusions. Our experimental proof of the susceptibility of 
A. smithu to infection with P. falciparum, together with Smith’s 
record of the occurrence of fed females in native sleeping quarters, 
renders it likely that this species plays a small, but very local part 
in the transmission of malaria in the neighbourhood of Freetown, 
Sierra Leone. 
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The apparatus described is only intended for recording two sets of 
figures as, for example, the number of helminth ova occurring in a 
counted series of fields, or the proportion of one type of blood cell 
as compared with the sum total of other types ; it is, of course, not 
suitable for such work as complete differential leucocyte counts. 
The machine appears to possess two advantages over the usual 
method of writing down the figures as they occur: (1) It is more 
accurate and slightly more rapid ; (2) It saves the mental concentra- 
tion required to carry a series of figures in the head, and any 
disturbance of attention which may arise during the count will not 
interfere with the accuracy of the result. This latter advantage 
appears to the writer to be most important. After the apparatus 
has been practised with for a short time, it will be found that the 
slight movement of the little finger of each hand, which registers 
each fresh figure, becomes entirely automatic and the mind of the 
observer is left free to consider the appearance of the objects under 
investigation. It is impossible to achieve such complete mental 
detachment if numbers have to be remembered and subsequently 
written down in special columns, after the examination of each 
microscopic field has been completed. 

The apparatus consists of two revolution counters of the type 
employed in commercial works for attachment to revolving drums, 
etc. These counters, when purchased, are provided with five short 
spokes about 1 cm. long, and so arranged that a complete revolution 


moves the indicator five units and the movement required to bring 
81 


pa 
- 
ES 
tee: 
3 


R2 


one spoke into the position previously occupied by the adjacent one 
moves it one unit. 

Before use, these spokes must be lengthened to about 4 cms. each. 
This is most easily achieved by fixing a metal plate bearing the 
five 4 cm. spokes over the old plate and short spokes. The counters 
are not provided with any stops, so that it is necessary to 
fit thenr with watch spring checks so arranged (see diagram) that each 
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Recording dial 
connected with a 
5 spoked wheel 


Watch spring stop 
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one-fifth of a complete revolution brings a fresh spoke and, 


consequently, a new number on the recording dial, into position. 
It is important that the watch spring checks should be so adjusted 
that they will record this movement with an audible click. The 
revolution counters are mounted inside two wooden boxes about 
a1 cms. high and about 15 cms. apart ; the most convenient height 
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and distance apart varying slightly with the type of microscope in 
use and the individual requirements of the user. The counters and 
their stops should be mounted on wooden blocks at such a height 
inside the boxes that the uppermost spoke of the apparatus will 
project I cm. above the top of the box. The revolution of the 
spokes takes place between two slips of glass let into the top of the 
box. These glass slips form a rest for the little fingers of each hand 
and allow of the recording dial being read without exposing the 
machinery to dust. 

The writer is indebted to Mr. A. E. Goodrich, of the Liverpool 
School of Tropical Medicine, for making the model illustrated. 
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EXPLANATION OF PLATE I 


A counting apparatus for use with the microscope. 


Top: Apparatus in use. 
Bottom: Apparatus as seen from above. 
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NOTES ON CATHAEMASIA HIANS 
(RupotpH1) FROM THE MOUTH OF 
CICONIA NIGRA 


BY 


SADAO YOSHIDA, Sc.D. 


AND 


KAZUNAGA TOYODA, M.D. 
(Pathological Department, Medical College, Osaka, Japan) 
(Received for publication 18 November, 1929) 

PLATE II] 


The worm was obtained from the mouth of a Ciconta nigra which 
is being kept at Tennoji Zoological Gardens in Osaka. From the 
external characters and internal structures we believe that it is 
identical with Cathaemasia mans (Rudolphi, 1809). 

There are several descriptions of this species, but some of them are 
fragmentary and they differ one from another in various respects. 
We intend, therefore, to describe briefly our observations on this 
parasite. 


EXTERNAL CHARACTERS. 

The living worm is pink to cream in colour and in physiological 
salt-solution it exhibits rapid movements in expansion and contrac- 
tion of its body ; the anterior part of the body is especially mobile. 
It is difficult to measure its size accurately during life. ‘The following 
measurements of various parts of the body were obtained from 
specimens preserved in 10 per cent. formalin. 

1. Form and stze. The body is elongated, oval, flattened 
dorso-ventrally, and from the ventral sucker it becomes gradually 
narrower towards the anterior end, the posterior extremity being 
broadly rounded. The length varies from 9-0 mm. to 13-75 mm., and 
the breadth from 3:42 mm. to 4-69 mm. The thickness is usually 
considerable. 

2. Cuticle and spines. The whole body is covered by the 
cuticle, which is more or less wrinkled, its thickness being greater 
in the median portions of both dorsal and ventral surfaces than in the 
lateral margins. There is no conspicuous difference in thickness 
between the dorsal and ventral cuticle which is about 0-022 mm. to 


0-048 mm, thick. As in other species of this genus, the worm is 
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provided with spines or scales on the ventral surface except over a 
small area at the cephalic and caudal extremities, and a_ small 
portion around the ventral sucker. Their arrangement and variation 
in size are very regular ; they are small and closely set in the anterior 
part of the body and gradually increase in size and are sparsely 
distributed in the caudal region; they are rectangular, square or 
oblong in shape. The spines in the anterior region are short but 
posteriorly they increase in length more quickly than in breadth ; 
also they vary in form from oblong to square. The posterior oblong 
spines have usually a narrow or more or less pointed end ; the median 
spines are a little larger than those of the lateral margins. The 
measurements of the spines in various parts of the body of the 
larger specimens are as follows :— 

0-045 mm. to 0-048 mm. broad and 0-032 mm. to 0-045 mm. long, 
just behind the oral sucker; 0-064 mm. to 0-080 mm. broad, and 
0-08 mm. to 0:097 mm. long posteriorly to the ventral sucker ; 
0-097 mm. to 0-112 mm. long between the two testes. On the 
surface of the spines there are longitudinal striations, the number of 
which increases posteriorly. 


‘TABLE I 


Measurement of scales of large specimen, in mm. 


Number of 


| 

| Breadth Length striations 
| mm mm. 
| Just behind | 0°04 5-0°048 0°032-0°048 


Lateral margin 


| 0°032 | 0°032-0'040 | 

Median | Or045-0°064 | 1-2 
At point of origin of intestinal caeca... | 

Lateral margin o064 | 3-4 
Ventral sucker... Lateral | 3-4 
| Just behind | 0:064-0°080 | | 3-4-5 

Ventral sucker | 
Lateral margin | 0064 | 0:064-0'080 | 3-4 

| | 
| O°129-0'145 | 5-6-7 


Ovary .| 
| Lateral margin | 0:064-0-080 | 0:097—0'112 


or129-0'145 Numerous 


| Median 0°097 
Lateral margin | 0:064-0-080 0-097-0-112 | Numerous 


| Median | 0°097 
| 


Behind posterior testis ... | 0:06-0°064 | Numerous 
| i 
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II 


Measurement of scales of medium specimen in mm. 


Number of 


Breadth Length striations 
mm. mm. 
Just behind 0°032 0026 
Lateral margin orc16 0°026 
Median 0°032 0-064 2-3 
At point of origin of intestinal caeca...- 
Lateral margin 0032 0-048 2-3 
Ventral sucker ... ...| Lateral 0-048 
Just behind o048 0-048 
Lateral margin | 0-048 
Median 0048-0051 | 0-064-0'074 
Lateral margin 0-048 0048 
Retween two testes... ... Median 0:064-0°07 1 
Behind posterior testis... 0064 0-064 


| 


3. Suckers. The oral and ventral suckers are circular, or 
almost so ; the former being subterminal and smaller than the latter. 
The oral sucker is about 0-65 mm. to 0-93 mm. by 0-40 mm. to 0-84 
mm., while the ventral sucker is 0-97 mm. to I-97 mm. by 0-94 mm. to 
I-53 mm. in diameter. The distance between the two suckers is 
2:25 mm. to 3:19 mm., the ventral sucker being situated at about 
one-third the distance from the anterior end of the body. 


INTERNAL STRUCTURE. 


I. Ausculature. The musculature consists of outer circular, 
middle longitudinal and inner diagonal muscles. Besides the above 
the dorso-ventral muscles are well developed. There is no obvious 
difference of development between the circular muscles on the dorsal 
and ventral aspects; the thickness varies from 0-016 mm. to 
0-036 mm. In general, the circular muscles near the lateral margins 
are somewhat thinner than in the median portion. The well-developed 
genital organs appear to hinder the development of the circular 
muscles. The longitudinal muscles are more strongly developed on 
the ventral side than on the dorsal. Their thickness ventrally is 
0-064 mm. to 0-161 mm., while dorsally it is only 0-032 mm. to 
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0-046 mm. The longitudinal muscles also decrease in thickness 
laterally ; the diagonal are as well developed as the circular muscles. 
From such a strong development of the musculature results the 
actively mobile character of this worm, a feature which is most 
necessary in order to adapt it to its habitat. 
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Cathaemasia bians (Rud.) 


BS—Ventral sucker ; GP—genital opening: /—intestinal caeca, OFS—oesophagus ; OS—oral 
sucker ; OJ’—ovary ; PH—pharynx ; Sd—shell gland ; T—testis; U—uterus ; }’—vitellaria. 
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Measurement of cuticle and muscle layers in mm. 


| Ring Longitudinal | Diagonal , Cuticle Body 
| muscle muscle muscle thickness 
| 
| mm. mm. mm mm. mm. 
At point of origin of, | 
intestinal caeca Ventral | 0°032 145 or0g8 016-0022 
Dorsal | 0°032 Ko) 0*°020-0°032 
Ventral sucker 
| Ventral | 0032-0038 o16r | o048 0-048 
| | 
| Dorsal | 0:016-0°025 | 0:032-0°048 | 0°025 
Ovary | II 
Ventral 0032. | | 
| | | 
| Dorsal | 0:032-0-040 | 0048 | | 0*022-0°032 
Anterior testis | 10 
Ventral 0048 0°097-0°129 0°016-0°032 


2. The digestive organs. From the oral sucker there arises a short 
prepharynx ;_ the pharynx, measuring from 0-45 mm. by 0-54 mm. to 
0-56 mm. by 0-65 mm., is succeeded by a fairly long oesophagus 
which divides at an acute angle to form the intestinal caeca at a 
point akout o-5r mm. to 0-74 mm. posterior to the pharynx. 
The intestinal caeca are long, straight, unbranched tubes, running 
approximately parallel to the lateral margin of the body. The point 
of division into the intestinal caeca is I-45 mm. to 3:55 mm. from the 
cephalic end of the body, and lies about midway between the two 
suckers. The intestinal caeca come nearer together as they approach 
the posterior end of the body. 

3. The female organs. The ovary lies in the median line in front 
of the anterior testis, and is covered by a loop of the uterus. It 
is nearly oval in shape, measuring about 0-23 mm. to 0-37 mm., by 
0-14 mm. to 0-25 mm. in diameter. The shell gland is about the same 
size and lies in contact with the ovary. The vitellaria lie externally 
to the intestinal caeca, one on each side, and arise anteriorly a 
little in front of the ventral sucker; they extend to the posterior 
extremity. A definite receptaculum seminis appears to be absent ; a 
Laurer’s canal is present. The uterus occupies the inter-caecal 
space between the ovary and the genital pore; behind the ventral 
sucker it is thrown into several transverse coils. It then pursues 
an almost straight course and becomes the metraterm, which is a 
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straight canal opening into the genital sinus. The latter is about 
equidistant from the ventral sucker and the bifurcation of the 
intestinal caeca. The eggs are rather large in size, light yellow 
in colour, oval in shape, one end being rounded and the other a 
little pointed. The eggs have a small knob-like projection at the 
anti-opercular pole; they measure 0-072 mm. to 0-083 mm. in 
length, 0-041 mm. to 0-055 mm. in breadth, the average size being 
0-075 mm. by 0-045 mm. 

4. The male organs. The testes, two in number, lie in the median 
line, at the anterior part of the posterior half of the body, one behind 
the other. Both testes are deeply lobed, having branches which are 
disposed radially. The form of the testes appears to be the most 
important character by which the species of this genus are identified, 
but opinions vary on this subject. We shall deal with this in detail 
later on in the present paper. From each testis a vas deferens 
arises Which pursues an almost straight course and unites with the 
other one to enter into the cirrus pouch which les in front of the 
ventral sucker. Within the cirrus pouch, the vas deferens dilates 
into a seminal vesicle which is followed by the pas prostatica and 
the ductus ejaculatorius in succession. The latter runs straight 
to the male opening situated near that of the female. 

IV 


Measurements of, and various parts of, some specimens in mm. 


Specimen No. 1 No. 2 No. 3 No. 4 | Average - 
mm. mm. mm. mm. mm. 
Body— Length 13°85 10°56 
Breadth 4:69 3°65 3°55 3°42 3°82 
Oral sucker ... 0°93 X 0°69 X 0°42 065X040 | 064X040 O73 X O51 
Ventral sucker 1°59 X 1°53 1°12 X 1-08 0°99 X 0°97 0°97 X O'94 1°17 X 1°13 
Distance of two 
suckers 319 2°41 2°34 | 2°25 2°55 
| 
Pharynx 0°65 X 0°56 0°59 X 0°50 | 0°58 X 0°52 
Ocsophagus-length ... O74 0°56 0°56 | 0*50 0°59 
| 
Ovary 0°37 X 0°25 0°26 X 0°17 O26X016 | 0°28 X 
Distance of branching 
points from anterior 
end ... 3°55 1°75 1°68 | 1°46 2°11 
Cirrus pouch | 068 Xo-42 | 062X040 0:76 X 0°49 
Egg ... wee! 0°083 X | 07073 | 0°072 X | 0°074X O'045 


AFFINITIES. Hitherto four species of this genus have been 
described : Cathaemasia hians (Rudolphi, 1809) ; C. fodicans Braun, 
1901; ©. spectabilis Odhner, 1926, and C. famelica Odhner, 1926 ; 
of these, C. hians has been described by several writers, the others 
only once by their authors. Braun distinguished C. fodicans from 
C. hians chiefly by the deep branching of the testes and the smallness 
of the eggs. Recently, Odhner published his opinion that C. fodicans 
is not strictly separable from C. /ians, because the testes of C. hians 
are also deeply branched, not as in the figure given by Miihling. 
Braun also stated that he could not find scales on his species. It is 
probable, however, that the worm was originally provided with scales 
which had fallen off during preservation. Agreeing with Odhner’s 
opinion, we believe that C. fodicans is probably identical with 
C. hians (Rudolphi). 


C. hians. Rud. C. hians Rud. C. bians Rud. 
(Mihling) (Odhner) (Yoshida et Toyoda) 
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C. fodicans Brn. C. spectabilis C. famelica Odh. 
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The present parasite is obviously different from C. spectabilis in 
many respects, especially in size of body, distribution of the scales, 
branching manner of the testes and the size of the eggs. From 
(. famelica the parasite is distinguished by the form of the testes 
and by the shape and size of the ovarium, characters which Odhner 
utilised for separating his species from C. /ians. In various characters 
the present worm agrees with C. /ians. The branching of the 
testes is a little different from the figure given by Miihling, but quite 
the same as Odhner’s figure of the testes. 

THE LivinG Worm. This species is reported to have been found 
in the oesophagus of the host, but we found it in the mouth cavity 
only. It is obvious that the parasite lives in the oesophagus and 
sometimes proceeds to the mouth cavity. We made an interesting 
observation on the behaviour of the living worm. We noticed that 
when the host appeared to cough and to become hoarse, we found 
worms in the mouth cavity if we quickly examined it. But if we 
were not able to open the mouth very quickly, all the worms 
disappeared, apparently down the oesophagus. We made this 
observation very often in the Zoological Gardens, as well as in our 
laboratory. Mr. Hayashi, the chief of the Zoological Gardens, was 
so kind as to offer us a stork for our personal observation in our 
laboratory. The chief experts and gardeners informed us that at the 
time when the host in question, Ciconia nigra, was sent from its 
native land, Africa, it often emitted a number of worms from its 
mouth, but as they did not know what they were, they trampled 
them to death. At that time the bird seemed to be quite sick, but no 
one recognised the cause. The symptoms gradually disappeared 
as the number of worms decreased. Recently the bird has been 
in a good condition of health, and the parasite is rarely found in 
the mouth, so that it is very difficult to obtain specimens of the 


worm. 
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EXPLANATION OF PLATE II 


Cathaemasia hians (Rud.) 
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ON THE SUSCEPTIBILITY OF THE 

TWO SEXES OF G. PALPALIS TO 

INFECTION WITH 7. GAMBIENSE AND 
1. RHODESIENSE 


BY 


H. LYNDHURST DUKE, O.B.E., M.D., Sc.D. 


DIRECTOR OF THE HUMAN TRYPANOSOMIASIS INSTITUTE, ENTEBBE, UGANDA 


(Received for publication 9 January, 1930) 


In a previous paper (1928b) the effect of trypanosome infections 
on the longevity of G. palpalis hatched at the Entebbe Laboratory 
was discussed and the conclusion reached that the developing 
flagellates did no harm to the fly. The experimental records of the 
transmission experiments carried out at this Laboratory during 
the three years from August, 1926, to July, 1929, have now been 
examined to see whether they afford any indication of a difference 
in susceptibility to infection between male and female G. palpalis. 
The essential organic differences between the two sexes are 
accompanied by certain minor peculiarities. The females are, on 
the average, larger than- the~ males, and feed generally more 
voraciously. Partly, no doubt, in consequence of this propensity, 
traces of blood are often discernible for a longer period in female 
than in male flies killed forty-eight hours after their last meal ; but 
this phenomenon is also associated ‘with and doubtless partly 
explained by the coincidence of pregnancy. 

I‘or the purposes of this review, all experiments that contained 
at least one infected fly were selected and the figures noted. Negative 
experiments were ignored. The total number of laboratory-bred 
G. palpalis coming thus under review was 24,509, of which 12,737 
were males and 11,772 were females. Of this total, 1,237 (5 per cent.) 
contained flagellates—developmental forms of either 7. gambiense 
and 7. rhodesiense. Of these infected flies, 581 were males and 656 
females ; i.e., 4:5 per cent. and 5:5 per cent., respectively. 
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There remained the possibility that there might be a difference 
between the two sexes in relation to the final stage of the 
developmental cycle in the fly, namely, the invasion of the glands. 

Examined from this aspect the figures yielded the following 
information. Of the 12,737 males exposed to infection, 178 (1-3 per 
cent.) had flagellates established in their salivary glands; of the 
11,772 females, 183 (1:5 per cent.) were similarly infected. That is 
to say, of the ‘ positive’ male flies, 30-6 per cent. showed gland 
infections ; of the ‘ positive’ females, 27-8 per cent. 

The strains of the trypanosomes under experiment during these 
three years differed considerably in their transmissibility. Some 
were at the stage where the power to invade the glands had disap- 
peared, the flagellates still retaining the power of developing in 
the gut of the fly. Indeed, many of the experiments included in this 
review were performed with strains of very low transmissibility ; 
strains, in fact, that had, in the course of prolonged upkeep in a single 
individual host, become non-transmissible and all but non-infective 
to tsetse (Duke, 1927). Thus the above percentages have no general 
value as an indication of the susceptibility of G. palpalis to infection 
with 7. gambiense and T. rhodesiense. They are useful merely for the 
special purpose for which we have employed them, 1.e., the comparison 
of the behaviour of the two sexes under identical conditions. 
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A NEW ANAPORRHUTINE TREMATODE 

GENUS AND SPECIES VAGMIA YORKEL, 

WITH A REVIEW OF THE CLASSIFICA- 
TION OF THE SUB-FAMILY 


BY 


H. F. NAGATY, D.V.M. & S. (Cairo) 


(From the Department of Parasitology, Liverpool School of Tropical 
Medicine) 


(Received for publication 5 December, 1929) 
Nagmia yorket n.gen., n.sp. 


Five trematode worms were found in a bottle which also contained 
a number of cestodes. The bottle was labelled, ‘ Worms from the 
rectum of Tvygon sp., Pearl Banks, Ceylon.’ Whilst there can 
be no question that the cestodes were found in the spiral valve, it is 
important to note that trematodes allied to the species to be described 
usually occur in the body cavity around the liver and in the peri- 
cardium of certain fishes. 

The parasites are fairly fleshy, slightly concave ventrally and 
convex dorsally. The anterior extremity is produced into a conical 
projection, the rest of the worm being circular. They measure from 
1-6 cm. to 1-7 cm. in length, and from 1-2 cm. to 1-6 cm. in breadth. 
The body is smooth and does not bear either scales or spines. The 
oral sucker is situated ventrally at the anterior extremity. The 
ventral sucker, which is not elevated from the ventral surface, has an 
average diameter of about 2.7mm. The distance between the two 
suckers is about 3-7 mm. The genital openings are placed in 
the mid-longitudinal axis of the body between the inner borders 
of the intestinal caeca and about 500, posterior to their bifurcation. 
They are situated about 1-7 mm. behind the posterior border of the 
oral sucker and about 2 mm. in front of the anterior border of the 
ventral sucker. Slightly anterior and lateral to the female genital 
opening, in one specimen only, a third small sucker was noted. 
This has a thick muscular wall, with radially arranged fibres. The 
diameter of the outer contour of this wall is about 200w. 
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Digestive System. The oral sucker measures about 1-3 mm. 
antero-posteriorly, and I-g mm. transversely. It is succeeded by a 
strongly developed muscular pharynx which opens anteriorly in 
the floor of the oral sucker. The pharynx is almost spherical and 
more than its anterior half is situated under the posterior lip of the 


Fic. 1. Nagmia yorkei, n.g., n.sp. Ventral view. 


(Magnification approximately 7 times.) 


oral sucker. It measures about 720 antero-posteriorly, and about 
880 transversely. The oesophagus is very short, measuring about 
200u in length; that part immediately behind the pharynx is 
narrow, but it gradually widens posteriorly towards the intestinal 
caeca. It measures at its narrow anterior end about 200m, and at 
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the wide posterior extremity about 300m in breadth. The intestinal 
caeca are situated midway between the mid-longitudinal axis of the 
worm and its lateral borders ; they are so sacculated as to appear 
branched, the sacculations being sometimes as thick, or even thicker, 
than the main caeca themselves. The contents of the caeca and 
their branches stain deeply and there is always a clear space between 
the contents and the walls, as observed by Looss and Ofenheim in 
other distomes. The breadth of the intestinal caeca ranges from 
3804 to 1-3 mm. The longest sacculation measured I-5 mm., and 
the shortest 1g0u; they are globular or oval and usually open into 
the main caeca by narrow mouths. Their breadth varies from 
I'7 mm. to 190u. The intestinal caeca terminate at a distance 
varying from 1-3 mm. to 2 mm. from the posterior border of the 
parasite. 

Male Genitalia. There are two lobed testes. Each occupies an 
elongated area, this being roughly the middle third of the length of 
the worm external to each intestinal caecum. They are situated 
midway between the outer borders of the intestinal caeca and the 
lateral margins of the parasite, and in some cases they are slightly 
nearer the former than the latter. Each testis consists of from 
twenty-nine to thirty-five lobes, which are not arranged in a special 
manner. These lobes are irregular in shape and measure from about 
280u by 300u to 760u by 630u. Vasa efferentia arise from these lobes 
and converge towards the inner side of the area occupied by the testes 
where they all meet in the centre of the inner border of this area 
and form the main vas deferens which has an average diameter 
of 50u. It crosses the intestinal caecum from the outer to the 
inner side, ventrally, and as soon as it gains this side it makes its way 
towards the anterior extremity in close proximity to the inner wall 
of the intestinal caecum of its own side. The vasa deferentia of the 
two sides meet at a distance of about 730u in front of the anterior 
border of the ventral sucker, between the two intestinal caeca, and 
in the middle line. The duct formed by the union of the two vasa 
deferentia runs for about 320m before it dilates into a vesicula 
seminalis ; no cirrus pouch is present. The former organ is sac- 
shaped and is situated between the two intestinal caeca opening 
slightly posteriorly to, or at the same level as, the femaie genital 
opening. The shape of the sac differed in the specimens examined. 
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The vesicula seminalis and the main vas deferens connected to it are 
situated dorsally to the distal part of the uterus. 

Female Genitalia. The ovary and receptaculum seminis lie 
between the intestinal caeca towards the right or the left side of the 
median line at about the same distance from the anterior as from the 
posterior extremities of the worm. The ovary is an elongated 
bilobed or trilobed organ lying immediately posterior to, and in 
close contact with, the receptaculum seminis; it measures about 
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Fic. 2. Terminal part of the genital ducts of Nagmia yorkei, n.g., n.sp. Ventral view. (Xx 54.) 


The receptaculum seminis is a spherical organ very large in 
proportion to the size of the parasite and situated anteriorly to the 
ovary; its outer border is in contact with the inner wall of the 
intestinal caecum of its side, and its average diameter is about 
2mm. 

The vitellaria consist of two glands connected together by a 
transverse duct. The glands and their ducts lie in the mid- 
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transverse axis of the worm or slightly behind it. Each gland lies 
ventrally and internally to the intestinal caecum of its side; that 
on the side on which the receptaculum seminis lies is posterior and 
lateral to this organ. Each gland is composed of many tubules, 
numbering from about twenty to thirty ; from four to ten of these 
unite together and form a main stem. Three or four such stems 
are formed in all and these unite together. The tubules lie dorso- 
ventrally and measure from 80 to 130m in breadth; the main 
stems measure about 160u in breadth. The transverse duct 
connecting the two vitelline glands passes between the ovary and 
the receptaculum seminis. The duct is not of uniform diameter and 
measures from 50m to 160 in diameter. 

The uterus, which was full of eggs, consists of a coiled tube 
with a more or less uniform diameter of about Igoy. It is very 
coiled in the space which it occupies behind the vitelline duct and 
the inner walls of the intestinal caeca. Anteriorly to the vitelline 
duct the distal part of the uterus consists of a coiled tube which 
is of a slightly wider diameter than the rest of the uterus. The 
coiling of the distal part of the uterus nearest to the vitelline duct 
consists of a more or less regularly zig-zagged tube. It passes 
either to the right or left side of the ventral sucker. 


Fic. 3. Eggs from uterus of Nagmia yorkei, n.g., n.sp. (X 139.) 


The eggs are elongated and rounded at both ends. They are 
operculated and in many instances the lid was found open inside the 
uterus, probably as a result of pressure. They possess thin, clear 
shells and measure 96 by 48w. 

The Excretory Vesicle. This extends from the level of the ovary 
to the posterior margin of the parasite, and opens by an excretory 
pore on the ventral surface very near its posterior margin. The 
vesicle has a main stem extending along the longitudinal axis of the 
worm, with lateral branches along its length, which extend laterally 
as far as the inner walls of the intestinal caeca. 


Norte.—For diagnosis of the genus Nagmia, see page 107. 
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In another bottle there were about forty worms which, on 
examination, proved to be specimens of Staphylorchis largum (Liihe, 
1906), Baylis 1927. The bottle was labelled as follows: ‘ Parasites 
from Ginglymostoma concolor Periya Paar, Pearl Banks, Ceylon.’ 
From which part of the fish they were collected is not stated. 

The single worm of this species upon which Lihe based his 
description was from the body cavity of Rhinoptera javanica 
Kalpitiya. Kalpitiya is very near Periya Paar and is therefore the 
same locality. 

Nothing much can be added to Lithe’s description and figures, 
but the opportunity is here taken to supplement his account from the 
large number of specimens available. 

The worms are very transparent and membranous, and measure 
from I-I cm. to 2°3.cm. in length, by from 9 mm. to 20 mm. in breadth; 
the posterior border bears an indentation which resembles an inverted 
V. The ventral sucker is large in proportion to the size of the worm, 
shallow, much elevated from the ventral surface, and for this reason 
very conspicuous and characteristic. The intestinal caeca are either 
straight or slightly sinuous. The opening of the male and female 
genital ducts is anterior to the bifurcation of the intestinal caeca, 
immediately behind the posterior margin of the muscular pharynx. 
The lobes of the testes are spherical and number from nine to twenty- 
one on each side, occupying only a small area. The ovary is spherical 
and may be to the right, to the left or posterior to the receptaculum 
seminis ; the excretory vesicle is Y-shaped. The receptaculum 
seminis is spherical, larger than the ovary, and situated dorsally to 
the ventral sucker either partially or completely anterior to its 
posterior border. The uterus was noticed, in these specimens, to 
occupy a narrow area in the middle line antero-posteriorly and is 
dorsal to the excretory vesicle; it does not occupy all the area 
between the intestinal caeca as figured by Liithe. Its terminal part 
passes either to the right or to the left of the ventral sucker. 


Discussion. Looss (1goI) divided the family Gorgoderidae into 
two sub-families, viz., Gorgoderinae and Anaporrhutinae. He 
further included in the latter sub-family the three genera, Anaporr- 
hutum, Probolitrema and Plestochorus. 

Since then several new genera have been described and added 
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to this sub-family, which now contains the following : Anaporrhutum 
Ofenheim, 1900; Probolitrema Looss, 1901; Plesiochorus Looss, 
1901 ; Petalodistomum Johnston, 1912; Staphylorchis Travassos, 
1920. Travassos erects the new genus Dendrorchis and classifies it 
as one of the genera belonging to the sub-family Anaporrhutinae. 
The writer has found that this genus is a synonym to the genus 
Phyllodistomum Braun, 1899, which belongs to the sub-family 
Gorgoderinae. 

I have emended the diagnosis of the genus Petalodistomum 
Johnston, 1912, after Travassos had erected the new genus Staphy- 
lorchis to accommodate Petalodistomum cymatodes ; the other genera 
have been also emended for the sake of uniformity. 


Diagnosis of the sub-family ANAPORRHUTINAE Looss, 192t. 


Medium to large Gorgoderidae with the posterior part of the 
body distinctly broad. Muscular pharynx present and usually 
connected with a short oesophagus. The terminal part of the genital 
tract is strongly developed. The vesicula seminalis is long and 
coiled. The ejaculatory duct and the metraterm (terminal part of 
the uterus) is elongated. Female genital organs without Laurer’s 
canal, but with a strongly developed receptaculum seminis. Testes 
may be internal or external to the intestinal caeca. Vitelline glands 
apart from each other. 


Diagnosis of the genus Anaporrhutum v. Ofenheim, 1go0. 


Large Anaporrhutinae with definitely broadened posterior part 
of the body. A strong muscular pharynx present ; intestinal caeca 
not branched. The testes are divided into a large number of spherical 
bodies which are partly internal and partly external to the intestinal 
caeca. Vitelline glands are ventral and internal to the intestinal 
caeca. A large receptaculum seminis present. In the pericardium 
and body cavity of Elasmobranch fishes. 


Type-species :—Anaporrhutum albidium v. Ofenheim, 1goo. 


Ofenheim (1900) also included in this genus Anaporrhutum 
ricchiardi ; Looss (Ig01) made a new genus to accommodate this 
species on account of the fact that it differed from Anaporrhutum 
albidium in that the vitelline glands and the testes are completely 
outside the intestinal caeca, a difference of generic value, 
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(a) Scheme of the genus Anaper:}utum. (5) Scheme of the genus Probolitrema. 
Size of the type species is from 7°8 mm. x 4°S mm. Size of the type species is from 6 mm. x 4°5 mm. 
to 3° cm. cms. to I'gem X 1°3 cm. 
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(d) Scheme of the genus Petalodistomum. 


Size of the type species is from 3°3 X 3 mm. to 
3°76 X 3°5 mm. 


(c) Scheme of the genus Plestochorus. 


Size of the type species is from 2 mm. long to 
1'2cm. X 2°4¢ mm. 
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(e) Scheme of the genus Staphylorchis. 
Size of the type species is 10°5 mm. x 8 mm. 


(f) Scheme of the genus Nagmia. n.gen. 
Size of the type species is from 1°6 X 1'2 cm. X X cm. 
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Diagnosis of the genus Probolitrema Looss, 1901. 


Large Anaporrhutinae with definitely broadened posterior part. 
A strong muscular pharynx present ; intestinal caeca not branched. 
The testes are divided into a large number of irregularly shaped bodies 
and together with the vitelline glands are definitely external to the 
intestinal caeca. A large receptaculum seminis present. In the body 
cavity of Elasmobranch fishes. 


Type-species :—Prvobolitrema ricchiardii (Lopez, 1888), Looss, 
IgOI. 
Diagnosis of the genus Plestochorus Looss, 1902. 


Middle-sized Anaporrhutinae with a fairly broad posterior end 
of the body. A strong muscular pharynx present ; intestinal caeca 
not branched. Testes simple but deeply lobed and like the vitelline 
glands ventral and partly internal and partly external to the intestinal 
caeca. A large receptaculum seminis present. In the urinary 
bladder of the marine Chelonia. 


Type-species :—Plestochorus cymbiformis (Rud., 1819), Looss, 
Igol. 


Diagnosis of the genus Petalodistomum Johnston, 1g12. 


Middle-sized Anaporrhutinae with the posterior part of the 
body very broad, almost circular and plate-like. A strong muscular 
pharynx present ; intestinal caeca branched. The testes are deeply 
lobed and divided into several distinct pieces lying wholly outside the 
intestinal caeca. Vitelline glands internal to the intestinal caeca. 
A large receptaculum seminis present. Parasites in the sting ray. 


Type-species :—Petalodistomum  polycladum Johnston, 1912. 


Johnston also included in this genus another species, Petalo- 
distomum cymatodes. Travassos (1920) erected the new genus 
Staphylorchis, to accommodate Petalodistomum cymatodes, as he 
considers it more convenient to separate it from the genus 
Petalodistomum and make a new genus of it because it more 
resembles the genus Anaporrhutum than the genus Petalodistomum, 
and he further considers that the disposition of the caeca and 
of the testes appears to be sufficient for making a separate genus 
and that less differences exist between Phylodistomum and 
Catroptroides on one hand and between Gorgodera and Gorgoderina 
on the other. 
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Diagnosis of the genus Staphylorchis Travassos, 1920. 


Large Anoporrhutinae with the posterior part more or less 
rounded. A strong muscular pharynx present, intestinal caeca 
sinuous but without diverticula. The testes are divided into a 
large number of small spherical bodies and are external to the 
intestinal caeca. Vitelline glands between the intestinal caeca. 
A large receptaculum seminis present. In the body cavity of rays, 
Australia. 


Type-species :—Staphylorchis cymatodes (Johnston, 1913), 
Travassos, 1920. | 


Diagnosis of the genus Nagmia n.gen. 


Large Anaporrhutinae with the lateral and posterior borders 
forming nearly a semi-circle. A muscular pharynx as well as a 
short oesophagus is present. Intestinal caeca branched. Testes 
divided into a large number of irregularly-shaped bodies which are 
definitely outside the intestinal caeca. Vitelline glands between the 
intestinal caeca. A large receptaculum seminis present. 

Type-species :—Nagmta yorket. 

This genus most closely resembles the genus Petalodistomum 
Johnston, 1912, but it differs from this mainly in the greater size 
of the new genus (the size given to Petalodistomum polycladum is 
3-3 mm. to 3:76 mm. in length, and 3 mm. to 3-5 mm. in breadth ; 
while that of the new species, Nagmia yorket, is 1-6 cm. to I-7 cm. 
in length, and 1:2 cm. to 1-6 cm. in breadth), in the shape of the 
vitelline glands, which are composed of two sets of small rounded 
follicles, these sets being close together in the genus Petalodistomum, 
while in the new genus they are composed of two sets each composed 
of tubular ramifications and are wide apart. Another very important 
difference is the greater number of the lobules of the testes in the 
new genus. 

The type-species, Nagmia yorket, and specimens of Anaporrhutum 
largum are kept in the Museum of the Liverpool School of Tropical 
Medicine. 
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EXPLANATION OF LETTERING 


ex.v. = excretory vesicle. r.s. = receptaculum seminis. 

1.c. = intestinal caeca. t. = testes. 

ov. = ovary. vt.g. = vitelline glands. 
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NOTES ON MODES OF RAT INFESTATION 
WITH HEPATICOLA HEPATICA 


BY 


KENJI MOMMA, M.D. 


(From the Pathological Department of Osaka Medical College, Osaka, 
Japan) 


(Received for publication 18 April, 1929) 


Although Hepaticola hepatica is the most common nematode 
parasitic in the liver of the house rat, there is no definite record in 
the literature of the subject as to the modes of rat infection. 


Rate of frequency of the parasite and influence of the season. 


Whilst collecting a nematode of the genus Capillaria parasitic in 
the gastric wall of the house rat, the writer studied the frequency 
of Hepaticola hepatica in the same host over a period of three years, 
from May, 1924, to July, 1927. Almost all the hosts seen were 
obtained from the bacteriological laboratory of the Osaka 
municipality, where rats were collected from all parts of the city for 
examination in connexion with rat plague. Out of 2,222 house rats 
examined, 1,272 were found to be infected with H. hepatica (57-2 per 
cent.); out of 1,189 examined, 809 (68 per cent.) harboured 
Cysticercus fasciolaris. 

The graph (p. 110) shows that there is a certain relation between 
the rate of frequency of the parasite and the seasons, i.e., the lowest 
rate is in summer, and it increases through autumn and winter, 
to reach the highest point in spring. 


Are the eggs of H. hepatica passed out of the host with the faeces ? 


It has not yet been ascertained whether the eggs of H. hepatica 
are passed out of the host with the faeces. According to Bancroft, 
the eggs do not pass out of the host through the intestine ; Railliet, 
on the other hand, states that he found eggs in the faeces. In Japan, 
Kikuchi (1923) did not find them, while Kaji (1924) affirms the 


reverse. Nishigori (1925) is of opinion that they very rarely appear 
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in the faeces. Iwahashi (1924) found only a single egg, although 
the material examined was very plentiful. Suda (1928) observed a 


small number of eggs in the gall bladder of a monkey experimentally 
infected with H. hepatica, and from this fact he deduced the possibility 
that the eggs pass through the bile-ducts into the intestine. 

The writer examined closely almost the entire contents of the 
digestive canal (stomach and intestines) of twenty-nine house rats 
collected between September, 1925, and May, 1926, which were 
simultaneously infected with H. hepatica in the liver and Capillaria 
bacillata in the gastric wall, in order to verify the results obtained 
by other authors. He was unable to find a single egg of H. hepatica, 
while those of C. bacillata were common. When the eggs of 
H. hepatica are found it is necessary to discover their origin before 
deciding that it is a case of infection. 


THE RELATION BETWEEN 
FREQUENCY OF H. HEPATICA 
AND THE SEASONS 
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III 


Do the eggs of H. hepatica appear in the faeces of cats ? 


From September 13th, 1926, to March 3rd, 1927, the writer 
examined the intestines of 503 cats which were used in exterminating 
rats in a hide factory in this city, where a large number of cats, dogs 
and other animals were collected for the manufacture of hides. 

The contents of the rectum were examined by the antiformin- 
ether method for collecting eggs, but only five cases were proved to 
harbour eggs of H. hepatica. The eggs had begun their cell division 
in one case only, probably because in this instance they had been 
preserved in antiformin for a few days. 


Relation of flies to the dissemination of eggs. 


That the fly can be the carrier of parasitic eggs as well as of 
various kinds of infective germs is already known. From the fact 
that in summer, flies are often seen in large numbers round the 
decomposed body of a rat, the writer concluded that the fly might 
act as an agent in the dissemination of the eggs of H. hepatica. He 
therefore made the following experiments : 

Eggs were collected from the livers of rats. An inverted metal net 
funnel was used, with a diameter of 14 cms. at the base and an 
aperture of 4 cms. in diameter at the top. A watch glass containing 
the eggs, together with a little syrupus simplex to attract the fly, was 
placed inside the net, with two wide glass slides beside it. The 
faeces deposited on a slide by the flies could thus be easily examined. 
A certain number of flies were liberated in the net for variable 
lengths of time. As soon as the slides had been withdrawn, the 
flies were killed with chloroform. Each fly was washed separately 
in a centrifuge tube and the water centrifuged to recover any eggs 
which might have adhered to the fly. The entire intestinal tract 
of each fly was next examined. The results were as follows: 

Out of 83 flies examined in the above experiment, 53, that is 
63-9 per cent., carried eggs in the intestinal tract ; the number of eggs 
found in individual flies varied from 1 to over 1,300; the body 
surface of 79 flies was examined and in 26 cases, that is 32-9 per 
cent., eggs were present ; the number of eggs found on the surface of 
the flies varied from 1 to 8, with the exception of one which 
showed 61 eggs after accidentally being dropped into the watch glass 
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in which the eggs were collected ; 65 out of 117 faecal spots, that 
is 55°6 per cent., contained eggs; from 1 to 65 eggs were found 
in individual faecal spots. These experiments show that the eggs of 
H. hepatica can be disseminated by the fly. 


The development of eggs which had passed through the intestine of the cat. 


In the study of the modes of rat infestation with H. hepatica, it is 
important to verify whether the eggs, after passing through the 
intestine of the cat, are still viable. To establish this point, the 
writer made the following experiments. Eggs collected from the 
faeces of a cat fed on the fresh livers of infected rats, were placed 
in a porous culture dish and kept in the laboratory at a temperature 
of 26°C. to 35°C. The experiments proved that the power of 
development of the eggs was not affected by passage through the 
intestines of the cat. 


On the development of eggs passed through the intestinal tract of the fly. 


Experiments were made similar to those described in the 
paragraph entitled ‘ Relation of flies to the dissemination of eggs.’ 
To cultivate the eggs in the faecal spots, the glass slides were kept 
moderately moist in the incubator. 


Control. 


Eggs collected from the liver of infected rats on October 22nd, 
1927, were cultured on October 27th, 1927. Twenty-three days after 
cultivation, mature eggs were observed. From the results of these 
experiments it would appear that, as in the case of the cat, the 
power of development of the eggs is not affected by passage through 
the intestinal tract of the fly. 


The influence of desiccation on the eggs. 


Eggs were smeared on a number of small pieces of gauze, and after 
being kept in the laboratory at a temperature of from 6° C. to 36° C., 
were placed in a porous culture dish in the incubator at a temperature 
of from 27° C. to 30° C. Eggs dried for twenty-nine days matured ; 
eggs dried for thirty-one or forty-one days were found to be affected, 
while those dried for forty-eight days were dead. 
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CONCLUSIONS 


1. H. hepatica is the most common nematode parasitic in the liver 


of the house rat, and the infestation percentage is 57:2. 

2. The rate of frequency of the parasite and the season appear to 
be related, the rate being at its lowest in summer and increasing 
through autumn and winter, until it reaches its highest in the 
succeeding spring. 

3. No eggs were found in the intestines of twenty-nine infected 
rats examined by the writer. 

4. It appears that flies may be capable of disseminating eggs. 

5. The power of development of eggs is not affected by passing 
through the intestinal tract of the cat or of the fly. 

6. The eggs of H. hepatica dried for about one month, do not lose 


their power of development. 
7. The writer believes that the fly is the chief agent in the 
dissemination of these eggs. 
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STUDIES IN CHEMOTHERAPY“ 


Il. THE ACTION IN VITRO OF NORMAL 
HUMAN SERUM ON THE PATHOGENIC 
TRYPANOSOMES, AND ITS SIGNIFICANCE 


BY 


WARRINGTON YORKE 
A. R. D. ADAMS 


AND 


F. MURGATROYD 
(Received for publication 24 February, 1930.) 


HISTORICAL 


In the year 1902, Laveran made the interesting discovery that 
normal human serum, when injected into mice suffering from nagana, 
exerted a marked effect on the course of the infection; and the 
phenomenon has since been the subject of a vast amount of work. 
Laveran and Mesnil (1902) found that when serum is heated to 56° C. 
for an hour it loses about half of its activity, and that heating to 
62° C. suffices to render it almost inactive. This was confirmed 
by Goebel (1907), and later by Rosenthal and Freund (1923), 
Adams (1928), and others; and it is now generally agreed that 
heating to 64°C. completely destroys the trypanocidal power of 
human serum, and that it cannot be restored by the addition of 
complement. Laveran and Mesnil found that human serum retains 
its trypanocidal power for some time when it has been collected 
aseptically, but serum in which moulds or bacteria have developed 
rapidly loses its activity : dried human serum retains the properties 
of the liquid serum for at least six months. These observations 
were confirmed by Goebel, by Leboeuf (1911), and quite recently by 
Adams (1928) and by Pfannenstiel and Scharlau (1929). 

Laveran and Mesnil concluded that the action of human serum 
could not be studied 7” vitro, because trypanosomes suspended in 
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fresh human serum lived as long as in human serum heated to 62° C., 
or in the inactive sera of other animals: a similar conclusion was 
reached by Goebel (1907). Notwithstanding, however, their inability 
to demonstrate a trypanocidal action of human serum 7m vittro, 
Laveran and Mesnil considered that there is a close relationship 
between the immunity of man to nagana and this peculiar property 
of his serum. They remark that a single experiment indicated 
that human citrated plasma is but slightly active as compared with 
serum, but it was inferred that the plasma must contain sufficient 
active principles to protect the organism against invasion by 
trypanosomes, although it does not possess sufficient activity to be 
curative when injected into infected mice. It was further considered 
that the active substance was produced by the leucocytes, and that 
this was the explanation of the fact that fluids from serous cavities— 
pleural effusion and ascitic fluid—which contain few leucocytes may 
be almost inactive. 

Salmon (1910), who endeavoured to trace the origin of the 
trypanocidal substance, injected the leucocytes of two kinds of pus, 
and an extract of lymphatic glands, into mice infected with nagana, 
without result. He states that the trypanocidal substance is 
present in the fluid portion of the blood only, and that the active 
substance does not penetrate through the meninges as the cerebro- 
spinal fluid is inactive ; nor does it traverse the kidneys, for in two 
instances albuminous urine was ineffective. In contrast to Laveran 
and Mesnil, it was found by Salmon that serous exudations, such as 
pleural fluid and hydrocoele fluid, were very active. Quite recently 
Pfannenstiel and Scharlau (1929) have recorded that they also were 
unable to obtain any active substance from the formed elements 
of the blood. 

Jacoby (1909), having found that certain very lipaemic sera 
were powerfully trypanocidal, showed that the portion of the serum 
insoluble in ether contained all the active principle. Goebel (1907) 
found that the active substance belonged to the globulin fraction 
and was precipitated by magnesium sulphate; and his work was 
confirmed and extended by Rosenthal and Freund (1923a), who 
proved that the trypanocidal substance is bound up with the 
euglobulin and pseudoglobulin fractions of human serum, and is not 
contained in the fibrinoglobulin or albumin fractions. 
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Laveran (1904a) discovered that the serum of baboons (Papio 
anubis and Papio cynocephalus) possessed a trypanocidal power 
similar to that of human serum. The trypanocidal action of the 
serum of primates was carefully re-investigated by Mesnil and 
Leboeuf (1910), who found that the species with active serum could 
be arranged thus in descending order :—baboon, man, mangabey, and 
mandrill: the sera of Macacus, Cynomolgus, Cercopithecus and of 
the anthropoid apes were inactive. When the serum of the baboon 
was tested on the various pathogenic trypanosomes, it was found 
that these could be arranged in two well-defined classes :-— 
T. brucei, T. evanst, T. togolense, T. equinum, and T. pecaudi, which 
were very sensitive; and TJ. gambiense, T. dimorphon, and 
T. congolense, which were hardly sensitive at all. The following year 
an unexpected discovery was made by Mesnil and Ringenbach (1911), 
who found that human serum exercised a marked effect on 
T. rhodesiense infections in mice. 

As was pointed out by Laveran and Mesnil (1904), the injection 
of human serum into infected mice causes, as a general rule, only 
a temporary disappearance of the parasites from the blood ; after 
a variable time they reappear, and require a fresh injection of 
serum to cause them to disappear again. It was found that human 
serum, frequently injected into an infected animal, lost its 
effectiveness upon the trypanosomes very slowly, and that an 
animal could be successfully treated in this way for two or three 
months. Jacoby (1909) succeeded in producing a strain of nagana 
resistant to 2 c.c. of human serum, which he considered to be the 
maximum dose which a mouse will tolerate. Leboeuf (1911) 
attempted to confirm the work of Jacoby, and although he several 
times obtained mice in which the trypanosomes were resistant to 
one or even two successive 2 c.c. doses, he never succeeded in trans- 
mitting the refractory state to further mice. Laveran and Nattan- 
Larrier (1912) showed that JT. rhodesiense acquired somewhat 
rapidly a certain degree of resistance to human serum ; and, in 
a later paper (1912a), that two serum-resistant strains lost their 
resistance after, in one case 57 to 73 mouse passages, and in the other 
case 25 to 40 mouse passages. In similar experiments performed 
by Mesnil (1912a) the resistance was lost about the 30th passage. 

Jacoby (1909) put forward the suggestion that strains of nagana 
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resistant to human serum might be pathogenic to man ; Mesnil and 
Leboeuf (1912), however, failed to infect a Cynocephalus with 
a strain of nagana, which in the mouse resisted 2 c.c. of the serum 
of this animal. Recently Collier (1924) made a strain of T. brucei 
so resistant to human serum that infected mice resisted a dose 
of 2:5 c.c., that is twenty-five times the dose which sufficed to clear 
the blood of mice infected with the normal strain; he inoculated 
himself and subsequently four other persons with the resistant 
strain with negative results. 

Laveran and Mesnil (1912) observed great variation in the try- 
panocidal power of serum from different individuals. They found 
that the serum of adults was much more active than that of the 
new-born child; and they remark that while Ehrlich (1907) had 
observed that the serum of individuals with disease of the liver 
was but slightly active, Neumann (1911) had found that the reverse 
was the case with the serum of women after child-birth. 

Of recent years this aspect of the subject has attracted much 
attention. The trypanocidal properties of the sera of a mother 
and her new-born child were examined by Rosenthal and Kleeman 
(1915) ; the former exhibited trypanocidal action in normal degree, 
whilst in the latter the trypanocidal action was almost completely 
absent. Platau (1916) showed that the titre of trypanocidal 
substance varied considerably in the sera of apparently healthy 
individuals, and that frequently it was greatly diminished in persons 
suffering from diseases of the liver. Rosenthal and Krueger (1921), 
and Rosenthal and Nossen (1921), showed that the trypanocidal 
power of human serum was greatly decreased, not only in cases 
exhibiting marked lesions of the liver without jaundice, but also in 
cases of mechanical jaundice: further work indicated that the 
disappearance of the trypanocidal power of the serum in the latter 
condition was not due to bile constituents. The conclusion was 
reached that the trypanocidal power of human serum stands in the 
closest relationship with the functional activity of the liver, and that 
in all probability the liver is the place of its formation. Zeiss (1921) 
likewise found that icteric human serum was without trypanocidal 
action, but that the sera of two cases of Hodgkin’s disease behaved 
exactly as normal serum. Leichtentritt and Zielaskowski (1922) 
showed that in children in the acute stage of Barlow’s disease, and in 
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those suffering from deficiency diseases, the trypanocidal activity 
of the serum was diminished. Mignoli (1924) examined the try- 
panocidal action of the sera of twenty-five patients suffering from 
such diseases as tuberculosis in various stages, carcinoma of the 
head of the pancreas with marked jaundice, pancreatic diabetes, 
catarrhal jaundice, bronchopneumonia, enterica, encephalitis 
lethargica, and cardiac valvular lesions: he found that the serum 
of a case of advanced tuberculosis was less trypanocidal than that 
from an early or improving case, that the presence of malignant 
disease did not affect the trypanocidal action, but that liver conditions 
altered it in the degree to which the liver cells were injured by 
disease. Griinmandel and Leichtentritt (1924) found that in 
conditions which are dependent on lack of vitamins the trypanocidal 
action of serum is decreased or even absent: investigations made 
on children suffering from corneal ulcers, a condition which, in 1923, 
reached unprecedented proportions owing to the lack of high-grade 
fats and the poor quality of the milk, showed that the serum exhibited 
a complete absence of trypanocidal substance ; similar observations 
were made on children suffering from alimentary oedema resulting 
from improper dietary. Peutz (1922) found that the trypanocidal 
power of human serum may diminish or disappear in pathological 
conditions, but no fixed rules could be formulated which might 
render this phenomenon of diagnostic importance. These 
observations were extended by Leichtentritt the following year. 
Munter (1925) found that in cases of diffuse parenchymatous 
degeneration of the liver the diminution of trypanocidal power of the 
serum was exactly parallel to the severity of the disease. Opitz 
and Zweig (1925), Leichtentritt and Opitz (1927), and Leder (1928), 
observed that the serum of cases of haemophilia was deficient in 
trypanocidal power; but this was not confirmed by Werner and 
Hartmann (1926). 

Neumark and Pogorschelsky (1925) found that the serum of 
healthy sucklings possessed no detectable amount of trypanocidal 
substance during the first few weeks of life, but that as age increases 
these substances appear and are well-developed at the end of three 
months: they further found that any infection is sufficient to 
cause a decrease of trypanocidal substance. Levy (1928), who 
repeated the work of Neumark and Pogorschelsky, found that 
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trypanocidal substance was present in all the infants examined by 
him at the third week of life, and that atrophic conditions and 
infections could not be demonstrated unequivocally to exert any 
influence on the trypanocidal substance. Nattan-Larrier and 
Lépine (1927) examined the sera of twelve women and of twelve 
new-born children and found that those of the mothers were always 
active, whereas those of the children were rarely active and even 
then only feebly so. 

The ever-growing interest in the trypanocidal action of human 
serum has caused Rosenthal and his colleagues to devote much 
time, during the past eight or nine years, to an investigation into the 
mechanism of its action. Rosenthal and Freund (1923a) injected 
rabbits four times intravenously with human serum and produced 
thereby a potent precipitating immune serum—I c.c. of I : 10,000 
dilution of the human serum giving a definite precipitate with 
O-I c.c. of the immune serum. This immune serum, when incubated 
with human serum in the proportion of 2 c.c. of immune serum 
to 0-2 c.c. of human serum, failed to prevent the prophylactic 
action of the latter when the mixture was tested on nagana mice. 
From this Rosenthal and Freund conclude that the trypanocidal 
substance of human serum possesses no antigenic qualities; and 
furthermore that, in contrast to the finding of Goebel (1907), contact 
with a heterologous serum does not weaken its trypanocidal power. 
It was next found that in mice which had been given four preliminary 
injections of 0-5 c.c. of human serum, subcutaneously or intra- 
peritoneally at four-day intervals, human serum exerted no trypano- 
cidal action when it was tested eight days after the last of the four 
preliminary injections. Further work showed that this preventive 
action of preliminary injections of human serum had nothing to do 
with any red cell or leucocyte protein it might have contained ; and 
also that the preventive effect was only obtained by preliminary 
injections of human serum and not of rabbit serum. Subsequent 
work showed that the blood of mice which had been given four 
similar injections of human serum did not, when mixed 7” vitro 
with human serum and kept for two hours at 37°C., destroy the 
trypanocidal power of the latter. From this and other work 
Rosenthal and Freund concluded that the inhibition of the thera- 
peutic action of human serum in mice which had received preliminary 
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injections of human serum was not an immunity phenomenon 
depending on the production of anti-trypanocidal substance by the 
mouse, but an exhaustion phenomenon involving the elimination of 
something in the treated animal, the function of which is to form 
trypanocidal substances out of human serum. Reference is then 
made to the fact that Laveran and Mesnil had found that human serum 
had no trypanocidal action im vitro, and that the so-called trypano- 
cidal substances of the serum were unable to become anchored 
in vitro to the trypanosomes. Rosenthal and Freund record that, 
as the result of their own observations, they were able fully to 
confirm these statements. Trypanosomes suspended in human 
serum showed neither as regards motility nor morphology any 
differences from those suspended in physiological saline ; and parasites, 
which had been many hours in contact with human serum, and 
then centrifuged and washed free from serum, readily produced 
infection when inoculated into a mouse. These considerations led 
Rosenthal and Freund to the conclusion that trypanocidal substance 
does not exist as such in human serum, but as a trypanocidogenous 
substance which on injection is converted into trypanocidal substance 
by a ferment supplied by the injected animal. This they consider 
to be the explanation of the considerable period which elapses 
before trypanocidal action is seen in the blood of the treated mouse. 
During the conversion of trypanocidogenous into trypanocidal 
substance the ferment is consumed, and hence is explained the 
negative result which attends the serum treatment of animals 
which have previously received large doses of human serum. 

These researches were continued by Rosenthal and Spitzer (1924), 
who investigated the mechanism whereby human serum, which is 
inactive in vitro, is converted in the animal body into an active 
trypanocidal substance. The starting-point of these investigations 
was the observation that, after simultaneous intraperitoneal injection 
into mice of human serum and trypanosomes, evidence could be 
obtained, by sampling the peritoneal contents, of a marked trypano- 
cidal action going on locally in the peritoneal cavity. The fact that 
the intraperitoneal injection of the mixture of trypanosomes and 
human serum resulted in a great exudation of leucocytes—first 
polymorphonuclears and later macrophages—caused the authors to 
enquire whether these cells might not secrete the ferment necessary 
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for the conversion of the trypanocidogenous substance of human 
serum into the trypanocidal substance. This view had, however, 
to be abandoned, as mice rendered aleucocytic by intense treatment 
with thorium X behaved as normal mice, when subsequently 
infected with nagana and treated with human serum. Rosenthal 
and Spitzer then passed to an enquiry whether the reticulo- 
endothelial system of the mouse played any part in the curative 
mechanism. They found that iron-blocking of the reticulo- 
endothelium alone often sufficed to produce a distinct weakening 
of the trypanocidal effect of human serum, that a greater decrease 
followed splenectomy, and finally that combined iron-blocking 
and splenectomy resulted in a pronounced diminution in the action 
of human serum. From these observations the authors conclude 
that the reticulo-endothelial system of the mouse is responsible 
for the conversion of the inactive trypanocidogenous substance in 
human serum into the active trypanocidal substance; and they 
further explain the observations of Rosenthal and Freund (1923a),— 
that human serum has no therapeutic action in mice which have 
received before infection preliminary injections of human serum—on 
the hypothesis that the preliminary injections of serum exhaust the 
reticulo-endothelial system of the mouse, so that it gradually 
becomes unable to convert trypanocidogenous into trypanocidal 
substance. 

In his latest communication Rosenthal (1929) deals with the 
distribution, transformation, and destruction of the trypanoci- 
dogenous substances of human serum in the animal body. He 
traced the distribution of the trypanocidogenous substance in the 
bodies of guinea-pigs twenty minutes after intravenous injection 
of 4 c.c. of human serum, and found that the great proportion of 
what was injected was still in the blood of the guinea-pig, extracts 
of the liver, spleen, muscle and kidneys containing practically none. 
Similarly, in mice which had received 2 c.c. of human serum intra- 
peritoneally, the trypanocidogenous substance was found twenty-four 
hours later to be mainly in the blood of the mouse, relatively little 
was found in the peritoneal fluid and none in the organ extracts. 
Further analysis showed that the trypanocidogenous substance was 
limited to the plasma of the mouse and was not bound to the 
erythrocytes. Rosenthal then concerned himself with an attempt 
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to demonstrate the presence of the actual trypanocidal substance 
in the blood and peritoneal fluid of mice injected intraperitoneally 
twenty-four hours previously with 2 c.c. of human serum. The 
citrated blood and peritoneal fluid of the treated mice were incubated 
at 35° C. in the absence of air for three and a half hours with a few 
drops of the citrated blood of a heavily infected mouse : the mixtures 
were then centrifuged, the supernatant fluids removed and the 
deposits washed thrice with saline. The washed deposits, and the 
supernatant fluids to which were added a few drops of a trypanosome 
suspension, were then injected into a series of mice. The results of 
these experiments showed that, as a rule, the washed deposits 
infected, and the supernatant fluids + trypanosomes did not infect. 
In only two experiments did the deposits fail to infect. From these 
observations Rosenthal concluded that only exceptionally could 
the existence of the intravitally formed trypanocidal substance 
be demonstrated vitro. 

In another series of experiments, Rosenthal endeavoured to 
trace the distribution of the trypanocidogenous substance in the bodies 
of two mice, each of which had been injected with 2 c.c. of human 
serum (40 therapeutic units in all). | He found that after six hours 
8 units were in the blood of the mice and 24 in the peritoneal fluid, 
after twenty-four hours 16 units in the blood and 8 in the peritoneal 
fluid, and after forty-two hours 3 in the blood and only a trace 
in the peritoneal fluid ; in no instance was any trypanocidogenous 
substance found in the urine or organ extracts. 

From all this work Rosenthal concludes that the inactive 
trypanocidogenous substance present in human serum is charac- 
terized from its biological behaviour in the animal body by :—its 
relatively slow conversion, its prolonged sojourn and pronounced 
concentration in the circulation, its slight tendency to escape into 
the tissues, and its failure to appear in the urine. It is broken down 
in the metabolic processes of the animal body and from it is 
formed the trypanocidal substance, the most characteristic feature of 
which is the difficulty with which its presence can be demonstrated 
under the conditions of 1m vitro experiments. 
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EXPERIMENTAL 


In view of the almost* unanimous agreement—-Laveran and 
Mesnil (1902), Goebel (1907), Braun and Teichman (1912), Rosenthal 
and Freund (1923a), Adams (1928), and Pfannenstiel and Scharlau 
(1929)—that human serum exercises 1m vitro no harmful action on 
the pathogenic trypanosomes, it was with considerable surprise 
that we found, as already mentioned in our previous paper (1929), 
that normal human serum rapidly destroyed T. rhodesiense and 
T. equiperdum in vitro at 37° C. The subject seemed to us to be so 
important, and possibly to have such a far-reaching bearing on 
the epidemiology of human trypanosomiasis, that we decided to 
reinvestigate the whole question of the action im vitro of human 
serum on pathogenic trypanosomes. 

In numerous experiments the action of various normal human 
sera on T. equiperdum, two strains of T. congolense, T. rhodesiense, 
and T. gambiense, and a strain obtained from a case of sleeping 
sickness in N. Nigeria, viz. :—‘ Sherifuri K’ strain,t was 
examined by means of the technique previously described. 
The blood of an infected mouse was so diluted in Ringer-glucoset 
solution that when 1 vol. was added to 19 vols. of human serum the 
concentration of trypanosomes was about 1,000 per cmm. The 
mixtures were placed in the usual tubes and kept in the water-bath 
at 37°C. The results of these experiments are summarized in 
Table I, from which it will be seen that T. equiperdum, T. rhodesiense, 


* Saito (1927) briefly states in the German summary of his Japanese paper that human serum 
had a definite trypanocidal action im vitro on a strain of T. gambiense which had been preserved in 
mice for years. 


t The history of these strains is as follows :— 

T. equiperdum ; origin unknown, but has been maintained for many years in European 
laboratories by passage through mice. 

T. congolense H.: this parasite was received from Wenyon to whom it was sent from East 
Africa by Mr. Hornby in June, 1929, and has since been maintained by passage through various 
laboratory animals—1 rabbit, 3 rats and 2 guinea-pigs. 

T. congolense S.: this parasite was obtained from a sheep naturally infected in Sierra Leone 
and brought to Liverpool in November, 1929. 

T. rhodesiense ; isolated from man in 1923, and since maintained by passage through mice. 

T. gambiense : isolated from a Nigerian case of sleeping sickness in March, 1922, and since 
maintained by passage through mice. 

‘Sherifuri K’ strain: isolated from the gland juice of a case of sleeping sickness at Sherifuri, 
N. Nigeria, on 22 February, 1929, and since maintained by passage through a series of five guinea- 
pigs. The strain is peculiar in that it exhibits numerous posterior-nuclear forms. 


t Sodium chloride gm. 
Potassium chloride... o'025 gm. 
Calcium chloride 0°02 gm. 
Sodium bicarbonate ... o'ors gm. 
Glucose o'2 gm. 


Distilled water... eee 
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Showing the trypanocidal action of normal human serum in vitro at 37° C. on various pathogenic 


trypanosomes 
Period of time (in hours) in which at least 95°, of the parasites were destroyed 
Date T. rhodesiense equiperdum | T. congolense T. gambiense 
10.10.29 2 2 : _ No action in 12 hours 
A.R.D.A. 15.10.29 | 2 | 
5-2-30 2 2 No action in 24 hours 
W.J.C. 22.10.29 | 2 
9-9-29 | 2 | | 
A.C. 10.9.29 | 2 | | eee 
15.929 | 2 | 
| 
T.D. 23-12-29 | 2 2 
| | 
| | 
13-929 | 14 | 2 its 
17.9.29 | 2 | — ~ No action in 18 hours 
19.9.29 | 2 | ‘ 
D.D. el | | 
30.9.29 | 2 wee | wee 
| | 
| | 
§-2.30 | 2 
| | 
| | 
A.J.  27.8.29 | | | 
28.8.29 | 2 die | va No action in 4 hours 
| | 
W.Y.  28.8.29 | 2 | No action in 18 hours 
| | | 
| | 
| | | 
24-9.29 2 ac | bis No action in 5 hours 
A.M.  30.9.29 | 2 | eee 
15.10.29 2 | 
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Tasre I—Continued. 


| Period of time (in hours) in which at least 95°% of the parasites were destroyed. 


Individual | ial 
Date T. rhodesiense | T. equiperdum | T. congolense T. gambiense 
10.10.29 2 2 No action in 12 hours 
15.10.29 2 | 
F.M. 
13.1.30 1 | 
5.2.30 I | 2 No action in 24 hours 
10.10.29 2 2 No action in 12 hours 
H.F.N. 
15.10.29 2 
21.8.29 | 2 
G.P.I. 17.9.29 2 No action in 18 hours 
19.9.29 2 | 
| 
| 
A.P. 4.9.29 | I 
| 
17.9.29 2 | No action in 18 hours 
19.9.29 2 | 
A.S. 
20.9.29 | 
21.9.29 I | 
| 
B.S. 10.10.29 2 | 2 No action in 12 hours 
| 
27.8.29 I No action in 4 hours 
28.8.29 2 | 
19.9.29 2 | 
C.S. 20.9.29 I 
21.9.29 I 
24.9.29 14 2 No action in 15 hours 
309.29 
| 


N.B. Asa rule the first reading was not made until after the lapse of two hours. 
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and 7. congolense are quickly destroyed by normal human serum 
in vitro at 37° C., and that T. gambiense is practically unaffected 
by it. Reference to Table XII shows that the ‘ Sherifuri K ’ strain 
was, in contradistinction to the old laboratory strain of T. gambiense, 
definitely affected by normal human serum, but to a much less 
extent than was the old laboratory strain of T. rhodesiense. 
The same results were obtained in those cases in which 
citrated human plasma was employed instead of serum. The 
cytolytic action of human serum on the trypanosomes is very 
characteristic and can easily be observed under the microscope. 
The first obvious change is that the parasites become less refractile, 
and this is quickly followed by vacuolation and granulation of the 
cytoplasm. Soon the trypanosomes lose their characteristic form 
and become tadpole- or racquet-shaped ; these in turn become 
ring-shaped and finally completely disintegrate, so that eventually 
nothing remains to be seen. 

The process is so constant and so striking that it is amazing 
that it has hitherto escaped observation. Doubtless this is mainly 
due to the inability of previous workers to keep pathogenic trypano- 
somes alive 1m vitro at 37°C. for any length of time. We have 
repeated our experiments on the trypanocidal action of human 
serum, modifying the technique only in so far as the experiments 
were conducted at laboratory temperatures instead of at 37°C. 
The results of this work, which are summarized in Table II, show 
clearly the enormous influence which temperature exercises on the 
reaction, trypanolysis occurring much more rapidly at 37° C. than 
at 15°C. 

Attention has been frequently drawn to the fact that human 
serum loses its power to protect and cure infected mice if it is 
heated to from 62° C. to 64°C. The effect of heat on the power of 
human serum to destroy trypanosomes 7” vitro was examined, and the 
results are shown in Table III, from which it is seen that heating to 
64° C. for 30 minutes suffices to destroy the trypanocidal action of 
human serum 7” vitro, and that heating to 60° C. for a similar period 
partially destroys its action. 
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Taste II. 


Showing the trypanocidal action of normal human serum in vitro at 37° C. and 15° C. respectively. 


| 


| Number of living trypanosomes (T. rhodesiense) 


| Temperature per 256 squares of the haemocytometer scale 


Experi- | Serum ot 
ment experiment | ia 4 6 9 | 24 
| 7 Start | hour | hours | hours | hours | hours hours 
| | 
| | Sheep | a7” | 
| Sheep on 65 53 


* Dead and disintegrating trypanosomes seen. 


III. 


Showing the effect of heat on the trypanocidal power of human serum in vitro. 


Number of living trypanosomes (T. rhodesiense) 


Ex peri- Temperature per 256 squares of the haemocytometer scale 
ment | Case to which 
serum heated I 2 4 6 8 10 24 
Start | hour | hours | hours | hours | hours | hours | hours 
Unheated o 
56° C. for 30 mins.... 
64° C. , 59 | 63 | 59 | 62 | 66 34 
Unheated 10* 4* ° 
“ i 64° C. for 20 mins.... 35 34 36 40 13 
3 64° C. for 20 mins....| 54 45 52 30 ° 
+ : 64° C. tor 30 mins... 7 64 62 77 31 
| | | 


* Dead and disintegrating trypanosomes seen. 


| 
| 
| 
‘ 


129 


It is further seen from Table IV that the addition of fresh rabbit 
serum fails to restore the lost trypanocidal power of human serum, 
which has been heated to 64° C. 


Tasie IV. 


Showing the failure of fresh rabbit serum to reactivate the trypanocidal power of human serum 
heated to 64°C. 


Number of living trypanosomes 
(T. rbodesiense) per 256 squares 


Tube of the haemocytometer scale 
I 3 5 17 30 
Start | hour | hours | hours | hours | hours 
1 | Human serum, unheated, 1 c.c. (| o 
2 | Human serum, 56° C. for 30 mins., 1c.c. ° 
3 | Human serum, 60° C. for 30 mins., I c.c. 10* 
4 | Human serum, 64° C. for 30 mins., rc.c.  ...] 242] 30 30 30 19 13 
5 | Human serum, 64° C. for 30 mins., *5 c.c. + 33 30 30 24 12 
fresh rabbit serum, *5 c.c. 
6 | Human serum, unheated, ‘5 c.c. + fresh rabbit 1* fo) 
serum, ‘5 
Fresh rabbit serum, I c.c. ‘ila 30 27 21 14 


* Dead and disintegrat'ng trypanosomes seen. 


These preliminary experiments thus showed that normal human 
serum contains a trypanocidal substance which is active in vitro 
at 37° C., but is much less active at laboratory temperatures ; and 
furthermore, that the trypanocidal substance is destroyed by heating 
to 64°C. for 30 minutes, and that it cannot be restored by the 
addition of fresh rabbit serum. 

Attention was now directed to an investigation of the amount 
of trypanocidal substance in normal human serum, in order that it 
might be possible to contrast the trypanocidal power of various 
normal sera, and of the sera of individuals suffering from various 
diseases ; and also that we might be enabled to obtain some light 
on the mechanism of the curative action of human serum in mice 
infected with trypanosomes. 

The determination of the trypanocidal titre of human serum, 
although at first sight a perfectly simple procedure, proved in 
point of fact to be a matter of very considerable difficulty. It is 
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obvious that theoretically this enquiry could be made in two 
directions : firstly, by experiments in which the concentration of the 
trypanosomes was constant and that of the human serum varied ; 
and secondly, by experiments in which the concentration of human 
serum was constant and that of the trypanosomes varied. In 
following the first line of enquiry the difficulty which confronted us 
was the discovery of a medium which, while it sufficed to support 
the trypanosomes alive at 37°C. for the length of time necessary 
to judge of the action of human serum, viz., twenty-four hours, would 
not react with human serum so as to inhibit or destroy its trypano- 
cidal power. As we have shown in our previous paper, a certain 
concentration of serum (sheep, rabbit, etc.) is essential for the 
support of the pathogenic trypanosomes, and if the concentration 
falls below this point the parasites rapidly succumb from arthrepsis. 
Preliminary investigations with rabbit or sheep serum diluted with 
Ringer-glucose solution soon showed that when the concentration of 
serum fell below about I in 25, the parasites succumbed in a few 
hours at 37°C. This degree of dilution consequently set a limit 
to what could be done in determining the trypanocidal titre of 
human serum by the simple and direct method of adding a definite 
number of trypanosomes to equal volumes of Ringer-glucose solution 
containing varying concentrations of human serum. 

A number of experiments of this nature were performed ; in 
these, human serum, human plasma, human serum heated to 64° C. for 
thirty minutes, sheep serum and sheep plasma, were all diluted to 
varying extents up to I : 25 with Ringer-glucose solution. To equal 
volumes of each of these varying dilutions of serum were added 
1/20th vols. of a trypanosome suspension, and the trypanocidal 
effect observed at 37° C. and 15° C., respectively. 

The results of a typical experiment are shown in Table V, from 
which there clearly emerges a number of facts. 


1. Trypanosomes suspended in _ Ringer-glucose solution die 
rapidly.* 

2. The same trypanosome suspension survives well for at least 
nine hours in Ringer-glucose solution provided it contain 
1/25th of its volume of sheep serum ; and if the concentration 


* This is especially the case if, as the result of sterilization, hydrolysis of the NaHCQg occurs. 
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Tasie V. 


Showing the trypanocidal action im vitro of human serum and of human plasma diluted to various 
extents with Ringer-glucose solution at 37° C. and 15° C. respectively. 


| | 


| fopirsoiceonening Number of living trypanosomes (7. rhodesiense) 


| of serum or | per 256 squares of the haemocytometer scale 
| plasma in 
Ringer- -glucose| I 2 3 6 9 24 
| | solution | Start | hour | hours | hours | hours | hours | hours 
(| (Pure (| o 
| unheated wid Erte 4° 
1:20 4° ° 
| | | 
62 44 | 77 42 
Hluman serum, GF aes 33 
_ heated to 64°C. | 1:10 | 89 Faas 26 
for 30 mins... | 70 | 63 23 
| 1:20 | 61 | 8 
| 55 62 58 | a3" 
| Pure | , 65 53 
1:2 | ‘ in 84 
| | 1:5 64 86 
| Sheep serum 1:10 
37°C. | 1:15 | 76 4 
1225 | 77 63 64 82 ° 
| Ringer-glucose ...| | 704 | 31 
Human plasma, 1:10 
unheated 
(| 1:20 | 23° 
| | [ 1:25 | 8* 
Sheep plasma ___...| 1:10 62 78 28 
1 I: 15 60 53 
1:20 84 men 56 
Citrated Ringer- 
( Pure 65 in 46 21 i 
1:2 43 6 7 
Human serum, wee 32 ° 
| unheated 63 52 15 
| eee eee eee 59 39 5 
4 | 1:20 63 62 43 . 9 
| 77 67 39 6 
_ Human serum, | 
heated to 64° ¢. | Pure 53 86 | 100 
for 30 mins... 1:25 | | 94 88 
\ 


* Dead and disintegrating trypanosomes seen. 
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of sheep serum be increased to 1:5 the parasites survive 
for at least twenty-four hours. 

3. The trypanosomes suspended in the various dilutions of 
human serum in Ringer-glucose solution were all dead 
within about two hours, even when the concentration of 
human serum was only I: 25. 

4. That this was not due to arthrepsis but to a definite trypano- 
cidal action of the human serum is shown by the fact that in 
the various dilutions of human serum, which had been heated 
to 64°C. for thirty minutes, the trypanosomes survived 
practically as well as in the corresponding dilutions of 
sheep serum. 

5. Human plasma and sheep plasma behaved as did their 
respective sera. No evidence was obtained that, within the 
limits of the experiment, the trypanocidal power of human 
plasma was inferior to that of human serum. 

6. The importance of temperature in the reaction of human serum 
and trypanosomes is shown by the fact that at 37° C. all the 
trypanosomes, even in the greatest dilutions of human 
serum, were dead within two hours, whilst at 15° C., even in 
the highest concentrations, a proportion of the parasites 
was alive after nine hours, and in the lower concentrations 
even after twenty-four hours. 

From experiments of this nature, we reached the general con- 
clusion that, under these conditions of experiment, with a suspension 
of about 1,000 trypanosomes per cmm., the trypanocidal action of 
human serum and plasma can be demonstrated up to a dilution 
of 1:25. For reasons to which we have already referred, we were 
compelled, when we wished to examine the trypanocidal action of 
higher dilutions of human serum, to use as a diluent some fluid which 
itself is a nutrient medium capable of supporting the trypanosomes 
for a sufficient period to enable us to judge of the action of various 
concentrations of human serum added to it. Unfortunately, as 
we have already mentioned, all such media must—so far as we are at 
present aware—contain the serum of rabbit or sheep, or of some other 
animal, as an essential constituent. In our earlier attempts to 
determine the trypanocidal titre of human serum by diluting with 
such nutrient media we were much troubled by anomalous and 


apparently contradictory results. 
In some of our experiments, as in that outlined in Table VI, 
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Tasre VI 


Showing the trypanocidal action of human serum diluted to various extents with nutrient medium 
consisting of sheep serum (heated to 60° C.) and Ringer-glucose solution. 


Concentration of human 
Sheep Human | serum in nutrient medium Number of living parasites (T. rhodesiense) 
serum serum (equal parts of sheep serum | per 256 squares of the haemocytometer scale 
and Ringer-glucose solution) | 
Start | 2hours | 4 hours 8 hours 
( (| Pure human (| 
1:2 ‘~ | o | 
I: 20 I | 
I : 320 one wits 9* 
I: 1280 30* 13 | 9 
I: 2560 | 43 59 | 20 
I: 5120 48 42 | 39 
50 64 | 70 
| 
(} Pure human | o 
| 1:2 7 o 
| ' I fe) 
| I: 10 | 7 
1:20 | 3 2 
I: 40 | 3 I 
F < | I : 320 sal ei oil 5° | 10 4 2 
1: 640 18 8 4 
I : 2560 ane | | 58 52 2 
| I: §120 eee 49 54 66 
tee 
| 1:10 ° 
1:20 2 
| 1:40 | . 
D 1:160 wad I 2 
I: 320 eee eee 3 | I 
1: 640 | 16 | 4 
| I: 1280 | 28 6 
I: 5120 ove eee | eee 47 40 
| 
Sheep serum + Ringer- 
q glucose... kiss 50 | 72 75 


* Dead and disintegrating trypanosomes seen. 
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we obtained apparently quite definite and clear-cut evidence that 
the serum of normal individuals exhibited pronounced trypanocidal 
action im vitro within a period of four to eight hours, at 37°C., 
even when diluted 2,500-5,000 times. 

In other experiments of a similar nature, however, we obtained 
entirely different results, little evidence of trypanocidal action 
being seen with comparatively great concentrations of human 
serum. Moreover, remarkable and puzzling paradoxes were at times 
encountered in which the trypanosomes remained alive in the 
presence of relatively great concentrations of human serum, and 
were destroyed in much lower concentrations in the same medium 
(equal parts of deactivated sheep serum and Ringer-glucose solution). 

These anomalous results caused us to investigate the question 
whether the difference lay in the fact that human serum from 
different normal individuals, or from the same individual at different 
times, exhibited varying degrees of trypanocidal power ; or whether 
the discrepancies depended on the fact that in the different experi- 
ments the sera of different sheep were used as the diluent and 
nutrient medium. With this object in view we performed experi- 
ments of the kind indicated in Table VII in which the trypanocidal 
titre of a single human serum was tested in six different nutrient 
media, each consisting of equal parts of the deactivated serum of a 
sheep and of Ringer-glucose solution. 

It is seen from Table VII that the trypanocidal power of the same 
human serum manifested itself in widely different degree, according 
to the sheep serum with which it was diluted. For example, in the 
nutrient medium made with the serum of Sheep A human serum 
exhibited comparatively slight trypanocidal action even when present 
in concentration of 1:50, whereas with the media made from 
Sheep D and Sheep F there was evidence of pronounced trypanocidal 
action within four hours in concentrations of only 1: 5,000; the 
remaining media gave intermediate results. 

This experiment apparently indicated that the sera ot different 
sheep varied in so far as some of them inhibited the trypanocidal 
action of normal human serum, whilst others did not, or did so only 
in a very minor degree. This interpretation is supported by another 
experiment in which, instead of sheep serum, we used the sera of 
two rabbits as the diluting media. 
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Taste VII. 


Showing the trypanocidal action of a single human serum when diluted to various extents with six 
different nutrient media, each consisting of equal parts of Sheep serum (heated to 60° C.) and of 
Ringer-glucose solution. 


Concentration of human | 
Human Sheep serum in nutrient medium Number of living parasites (7. rhodesiense) 
serum | serum (equal parts of sheep serum | per 256 squares of the haemocytometer scale 
| and Ringer-glucose solution) ————--.———--— 
~ Start | 2 hours | 4 hours | 8 hours | 22 hours 
( 
| 1: 50 36 39 26 19 
| I: 100 38 24 24 13 
| A I : 500 sr 59 46 35 
| I : 1000 eee oes 55 49 
| | I: §000 wii 47 48 
| B I: 500 eee ies i 2 15 
| | 1 | I: 1000 24 21 
I : 5000 43 29 36 
| Control 41 65 53 
| (| 1:50 , ae | 36 29 23 12 
1: 100 | 38 | 26 22 
| I: §00 55 55 5 
I : 1000 49 59 41 
I : 5000 ‘ | | ~ 48 62 
| Control 49 40 
M 48 | 
(| 1:50 | 10 | 1 . 
| I: 100 2 . 
I : 500 6 2 
D I : 1000 6 2 
I : 5000 20 | 8* 2 ane 
| (| 1:50 41 | 26 28 15 
|| 1: 100 36 330 21 
J I: 500 60 56 47 
F I: 1000 48 48 $4 
I : 5000 40 §2 66 
| | Control sind 47 52 58 
(| 1:50 8 5 1 
F 4] 1: 1000 15 I 
| I * 5000 ‘ 30 27 10* ° 
| | Control 49 46 54 
| 


* Dead and disintegrating trypanosomes seen, 
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ExprriMENT. Blood was obtained from the heart of each of two Rabbits 
A and B. It was allowed to clot for two hours at 37° C. and the serum removed. 
The serum of each animal was then divided into five portions which were dealt 
with as follows :— 


Portion I, unheated. 
Portions II to V, heated to 56° C. for 20 minutes. 


All the specimens of serum were then stored overnight in the ice chest ; and 
the following morning,— 


Portion III, heated to 56° C. for 20 minutes, 
Portion IV, heated to 60° C. for 20 minutes. 
Portion V, heated to 64° C. for 20 minutes. 


All the specimens of serum were then diluted with equal volumes of Ringer- 
glucose solution, and the mixtures were used in the usual way for the determination 
of the trypanocidal titre of the serum of a normal human being, as is shown in 


Table VIII. 


The results set forth in Table VIII show clearly the influence 
exerted by the serum of different rabbits. With the serum of 
Rabbit A as a diluent, we find that the trypanocidal power of a 
certain normal human serum was, in five hours, manifest only in 
dilutions up to 1: 100, whereas with the serum of Rabbit B it 
was, in the same period, manifest up to dilutions of between I : 1,000 
and x: 10,000. The heating of the rabbit sera to the various 
degrees shown in the table exercised no effect on the result. 

The most reasonable explanation of these results appears to be 
that the sera of certain sheep or rabbits have an inhibitory action on 
the trypanocidal power of human serum. This hypothesis receives 
further support from the following observation. The mixture of the 
sera of two different sheep—one of which allows of the manifestation 
of the trypanocidal action of human serum in great dilution, and the 
other only in comparatively low dilution—invariably gives results 
corresponding to the latter, i.e. apparently slight trypanocidal action. 

Having reached the position that the sera of certain sheep 
and of certain rabbits possess the power of inhibiting or neutralising 
the trypanocidal property of human serum, whereas the sera 
of other sheep or rabbits do not possess this power—or if so only 
in an insignificant degree—we spent some time endeavouring to 
discover whether heating the animal serum to various temperatures, 
or storing it for various lengths of time, in any way affected its anti- 
trypanocidal properties. As is clearly shown in Table VIII, heating 
rabbit serum to various extents up to 64°C. in no wise altered its 
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Tasie VIII. 


Showing the trypanocidal action of a single human serum when diluted to various extents with 
two different nutrient media, each consisting of equal parts of the serum of a rabbit and of Ringer- 
glucose solution. 


Number of living trypanosomes 
Constitution of diluting (T. rbodesiense) per 256 squares of the 
medium consisting of equal | Concentration of haemocytometer scale 
Rabbit parts of rabbit serum, human serum 
heated or unheated, and of 2 3 § | 8 | 20 
Ringer -glucose solution Start | hours | hours | hours | hours | hours 
Unheated rabbit serum ...| 1 : 1000 (| 34 | | 36 
| | 
| Rabbit serum heated =< | 1: 1000 34 | 39, 14 I 
| once to 56° C. 1 : 10000 wich as 42 32 | 56 45 
| | Control sin 55 54 51 
I: 100 ... 11* 3 2 
Rabbit serum heated = <_|_ 1: 1000 ‘i 32 26* 8 
| twice to 56° C. I : 10000 esa a 40 40 53 46 
A | Control 47 49 31 
| {| 1:10 8* 3" ° 
| I: 100 ‘i 8 2 2 | ie 
| Rabbit serum heated =< _| 1: 1000 we 47 | 4! 35 
once to 56° C. and I : 10000 | 45 | 49 31 
to 60° C. Control 48 | 52 4! 
Rabbit serum heated 7 ‘ 
once to 56°C. ands < | 1: 1000 ase wi 40 35 | 38 26 
once to 64° C. I : 10000 33 | 42 21 
|| Control ‘ 44 47 18 
Rabbit serum heated 1: 100 ... 1 1 
once to 56° C. < | 1: 1000 3 2 7 
| I : 10000 40 25 
|| Control 42 49 34 
Rabbit serum heated I: 100 3 
twice to 56° C. < | 1: 1000 5 5 ° . cin 
I : 10000 44 20 9 
B || Control 54 56 49 
Rabbit serum heated I I ° 
once to 56°C. and =< | 1: 1000 12 9 3 
once to 60° C. I : 10000 ii soe 16 18 13* 
| | Control wis ane 46 45 48 21 
Rabbit serum heated | 8 | 7 | 
| once to 56° C. and I : 1000 <a 16 9 tax 
| once to 64° C. I : 10000 24 
LU || Control er ve | 47 45 | 44 | 22 
| Unheated human serum...|» Pure _... iz 


* Dead and disintegrating forms seen. 
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properties in this respect. On the contrary, we have repeatedly found 
that rabbit or sheep serum, which has been stored for four or five days, 
exhibited a greater anti-trypanocidal action than did the freshly- 
obtained deactivated serum. 

These questions are, however, beyond the scope of our immediate 
aim, which is to devise a method for determining the trypanocidal 
titre of normal human serum. With this object in view we selected 
a sheep, the serum of which was found on one occasion to exhibit 
no anti-trypanocidal action, and decided with the aid of this 
serum to examine the trypanocidal titres of a number of normal 
human sera on various occasions in order to ascertain whether 
constant results were obtained. This, in fact, proved to be the 
case as is shown in Table IX, from which it will be seen that when 
equal parts of the serum of this sheep and of Ringer-glucose solution 
were used as the nutrient and diluent medium, practically constant 
results were obtained with a number of human sera on various 
occasions. 

From this work it appears that with a trypanosome concentration 
of about 1,000 per cmm., normal human serum possesses sufficient 
trypanocidal power to destroy 1m vitro at 37°C. all the parasites 
within a period of four hours when it is present in concentration 
of 1: 5,000; within a period of eight hours in concentration of 
I : 10,000 ; and within eighteen hours in concentration of I : 25,000, 
in the case of 7. rhodiesense: and in concentration of about I: 500 in 
four hours, of I : 1,000 in eight hours, and of I : 2,500 to I: 5,000 
in eighteen hours, in the case of T. equiperdum. 

These figures imply that 1/10,000 c.c. of human serum can destroy 
within eight hours all the parasites in I c.c. of a suspension con- 
taining 1,000 T. rhodesiense percmm.., or, in other words, one million 
trypanosomes. From this it follows that 1 c.c. of human serum 
contains sufficient trypanocidal substance to destroy 7n vitro at 37° C. 
10,000 million trypanosomes. 

When we approached from the other direction the question of 
the titre of the trypanocidal power of human serum, viz., by adding 
different numbers of trypanosomes to a constant concentration of 
human serum, the difficulty which confronted us was that of dis- 
covering a medium in which great numbers of trypanosomes could be 
kept alive at 37° C. for the length of time necessary to judge of the 
trypanocidal action of human serum. 
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Tasie IX 


Summarizing the observations made on the trypanocidal titre of the serum and plasma of various 
normal human beings; the diluent consisted of equal parts of a selected sheep serum (heated to 60° C.) 
and of Ringer-glucose solution 


Serum | Minimum concentration of serum or plasma which 
Individual | Date or ‘Trypanosome killed at least 95%, of the parasites. 
plasma 
4 hours 8 hours 18 hours 
A.R.D.A.| 19.12.29 | Serum | T. rhodesiense 1 : 5,000 | I : 10,000 tine 
AY. | ” I : 10,000 | 
1 I : 2,500 I 10,000 I : 25,000 
DD 1° | I : 5,000 10,000 wi 
FS. | ‘ip | I: 10,000 
| 122,500 I: 5,000 10,000 
945.90 I: 5,0Cc0 I: 25,000 
eee] | Plasma | §,000 I : 25,000 
...| 20.14.30 | Serum I : 5,000 
TS. | 122,500 I : 5,000 I : 10,000 
«=| | I: 5,000 I: 10,000 


A.R.D.A. | 20.12.29 | Serum | T. equiperdum 1: 500 I: 1,000 - 

20.12.29 | Plasma | I: 500 I : 1,000 

ewe] -28.1.30 | Serum I: 500 1,000 (partial) | 1 : (almost) 
«| 1: 500 (partial) | 1: 500 1: 2,500 (almost) 
Th. «i 1: 100 (partial) | 1: 500 1: 2,500 (almost) 


‘Partial’ implies that about 50 per cent. of the parasites were destroyed, and ‘ almost’ over 
75 per cent. 
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In our previous paper (1929) we have referred to this matter in 
considerable detail, and have shown that the addition of glucose to 
sheep or rabbit serum, and the frequent agitation of the suspension, 
sufficed to add considerably to the length of life of the trypanosomes. 


Experiment. Normal sheep serum and normal human serum were diluted 
with equal parts of Ringer-glucose solution. ‘To one tube of each of the diluted 
sera was added 1/2oth vol. of a trypanosome suspension of such a strength that the 
final concentration of parasites was about 40 per 256 squares of the haemocytometer 
scale (625 trypanosomes percmm.); and to another tube of each was added 1/zoth vol. 
of a trypanosome suspension twenty times as strong, so that the final concentration 
of parasites was 800 per 256 squares of the haemocytometer scale (12,500 trypano- 
somes per cmm.). ‘The tubes were then placed in a water-bath at 37°C. and the 
contents shaken from time to time. The results of examination after various 
periods are shown in Table X. 


TABLE X. 


Showing the trypanocidal action in vitro at 37° C. of a constant volume of human serum on different 
concentrations of trypanosomes 


(T. rhodestense) per 256 squares of 
the haemocytometer scale. 


| | Number of living trypanosomes 
| 
| 1} 3 4 16 


| Start | hours | hours | hours hours 


1 | Human serum 0°25 c.c. + Ringer-glucose sol. 0°25 c.c. 2 ° 
40 


2 | Sheep serum 0°25 c.c. + 40 47 38 

3 | Human serum 0°25 c.c. + 34* 
[800] 

4 | Sheep serum 0°25 c.c. + 250 


The figure in brackets is a calculated number. 
+-+-+ parasites apparently all healthy and too numerous to count. 
* Dead and disintegrating forms seen. 

From Table X it is seen that even when the concentration of 
trypanosomes was twenty times that usually employed, the great 
majority of the parasites was destroyed by the human serum within 
an hour or two, whilst even after sixteen hours large numbers were 
still alive in the sheep serum. Hence it appears that I c.c. of 
human serum contains sufficient trypanocidal substance to destroy, 
within three hours, at least 25 million trypanosomes.* 


* The concentration of trypanosomes in the °5 c.c. of suspension (‘25 c.c. human serum + °25 c.c. 
Ringer-glucose) was 800 per 256 squares of the haemocytometer scale, i.e., 12,500 per cmm. or 
6,250,000 per*5 c.c. These were destroyed by *25 c.c. of human serum and therefore 1 c.c. of human 
serum could destroy at least 25,000,000 trypanosomes. 
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Further experiments showed, however, that I c.c. of human serum 
contained sufficient trypanocidal substance to destroy infinitely 
greater numbers of parasites. In the experiment which we are 
about to describe advantage was taken of a fact, to which reference 
has already been made, viz., that we had been able to select a sheep, 
the serum of which exhibited no anti-trypanocidal action. This 
discovery enabled us to employ the serum of this sheep at the same 
time both as a nutrient medium and as a suitable diluent for human 
serum. 


ExPERIMENT. Glucose to the extent of 0-25 per cent. was added to deactivated 
sheep serum ; I c.c. of the glucose-serum was placed in each of Tubes 1-4, and to 
Tubes 2 and 4 was then added o-o1 c.c. of human serum. ‘Two suspensions—one 
twelve times as strong as the other—of washed trypanosomes from a mouse heavily 
infected with J. equiperdum were then prepared. ‘To Tubes 1 and 2, was added 
0-05 c.c. of the weak trypanosome suspension, and to Tubes 3 and 4, 0°05 c.c. of the 
strong suspension. The final concentration of trypanosomes was in the case of the 
weaker 70 per 256 squares of the haemocytometer scale (1100 per cmm.), and in 
that of the stronger 840 per 256 squares (13,000 percmm.). The tubes were placed 
in the water-bath at 37° C. and examined at various intervals with results shown 
in Table XI. As after 33 hours practically all the trypanosomes in ‘Tubes 2 and 4 
containing I per cent. human serum were dead, Tubes 3 and 4 were centrifuged 
at high speed and the supernatant fluids removed and placed in Tubes 5 and 6 to 
each of which was then added 0-05 c.c. of an exceedingly strong suspension of 
T. equiperdum, the resulting concentration of parasites being 2,500 trypanosomes 
per 256 squares of the haemocytometer scale (40,000 per cmm.). Tubes § and 6 were 
then placed in the water-bath and observed from time to time as shown in Table XI. 

From the figures shown in Table XI it appears that o-or c.c. of 
human serum destroyed all the trypanosomes contained in I c.c. of 
a suspension of 840 per 256 squares of the haemocytometer scale 
(13,000 per cmm.), and subsequently those in I c.c. of a suspension of 
2,500 trypanosomes per 256 squares (40,000 percmm.) ; in other words, 
I c.c. of human serum was able to destroy at least 5,300 million 
trypanosomes. 

There seems no reason to doubt that the experiments recorded 
above have established beyond all question the fact that human 
serum and human plasma exert 7” vitro at 37° C. a powerful trypano- 
cidal action on our old laboratory strains of T. rhodesiense and 
LT. equiperdum. 

On the two strains of TJ. congolense, viz., ‘Strain H’ and 
‘Strain S,’ the trypanocidal action of normal human serum 
was likewise quite definite ; it was easily demonstrable in 


dilutions up to 1:10, but beyond this point the action was 
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indefinite. As we have previously stated normal human serum 
had no apparent action 7 vitro on our old laboratory strain of 
T. gambiense. 

The reaction of the ‘Sherifuri K’ strain was peculiar. This 
strain had been isolated from man twelve months before it was 
examined, and during this period had been maintained by passage 
through a series of five guinea-pigs. As compared with our old 
laboratory strains of 7. rhodesiense and T. gambiense, which had 


Tasie XI. 


Showing the trypanocidal action in vitro at 37° C. of a 1 per cent. solution of human serum in a 
sheep serum-glucose medium, on different concentrations of trypanosomes. 


| Number of living trypanosomes 
(T. equiperdum) per 256 squares 
of the haemocytometer scale. 
Tube | 
I 2 34 fe) 
| : Start | hour | hours | hours | hours 
1 | Sheepserum-glucosetc.c.+  ... 68 69 74 66 
| 
+ human serum o’ol c.c. $7” 6* 
3 | Sheep serum-glucose I c.c. 800 | 880 | 790 
| 840 
4 | +- human serum o’o! c.c. | 780 | 440° 
| | 


| After 34 hours Tubes 3 and 4 centrifuged and the supernatant fluids transferred to 
_ Tubes 5 and 6; to each was then added 1/zoth vol. of an exceedingly strong suspension 
of T. equiperdum. 


| Start | hours | hours 


| Supernatant fluid of Tube 3 ins eh 1,880 | 1,800 
2,500 


6 | Supernatant fluid of Tube 4 


* Dead and disintegrating forms seen. 


been maintained by passage through large numbers of mice for 
seven or eight years, it was therefore a comparatively young strain. 
It proved to be slightly sensitive to the trypanocidal action of 
human serum; undiluted serum destroyed the parasite within 
four to eight hours, but serum diluted five- or ten-fold had no action. 
As regards its serum-resistance, the ‘Sherifuri K’ strain thus 
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occupies a position intermediate between our old laboratory strains of 
T. gambiense and T. rhodesiense (Table XII). This appears to us to 
be a matter of great interest and we refer to the subject later in the 


present paper. 
Tasre XII 


Showing the trypanocidal action in vitro at 37° C. of three normal human sera on T. rhodestense, 
T. gambiense, and ‘ Sherifuri K’ strain, respectively. 


Concentration of 
human serum in Number of living trypanosomes per 256 squares 
Normal nutrient medium of the haemocytometer scale 
human (equal parts of Trypanosome 
serum | selected sheep serum I 2 4 8 12 18 
and Ringer-glucose Start | hour | hours | hours | hours | hours | hours 
solution). 
| 
| 
Pure human... T. rhodesiense 33 | 
1:10 | 32 6 ° 
A.R.D.A.4 | 1 | 39 | 9 | | 
1: 100 7 3 ° 
I: §00 18 I ° 
I : 1000 - 24 6 3 
L| 5000 50 26 5 
Pure human... 5 fe) 
26 2 | | 
I: 500 4 2 
I : 1000 10 2 ° 
S000 | 22 io | 3 | 
I: 100 exe ” | coe eee 
I: §00 3 1 | o 
I: 1000 | 7 I | 
1: 5000 29 | 9 2 | 
Control ... Sheep serum+ a [| 60 66 61 | 49 51 
Ringer-glucose 
(| Purehuman... _...| J. gambiense r| 58 59 63 53 52 35 
61 65 53 47 58 
I: 50 ons 67 ane 
Pure human... as on 63 55 52 SI 35 15 
64 | 64 63 
Pure human... en ws 57 54 65 57 46 50 
F.M. 1:10 , “na ene 55 
Control Sheepserum+ —... || 57 58 58 63 41 20 
Ringer-glucose | 
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Taste XII—Continued. 


Concentration of 
human serum in Number of living trypanosomes per 256 squares 
Normal nutrient medium of the haemocytometer scale 
human (equal parts of Trypanosome 
serum selected sheep serum I 2 4 8 12 18 
and Ringer-glucose Start | hour | hours | hours | hours | hours | hours 
solution). 
Pure human... ...| ‘Sherifuri K’ 24 24 I 
1:10 on 67 56 64 57 
I : 1000 | 
( Pure human... 49 48 42 3 
1:10 64 70 61 61 
I: 100 754 ie, 61 55 
I : 500 | | 
I : 1000 9 | «61 
| I: §000 wel we 61 57 
( Pure human... | | 13 | 17 2 
| | 52 1g 7 2 
| 63 21 5 5 
EM. | 1:50 | 73 47 42 38 
I: 100 | 54 53 
I : 500 | ” | 65 61 54 
I : 1000 78 63 52 
Control .... Sheep serum +- | j 
| 78 72 | 70 | 72 62 
DISCUSSION 


We must now pass to a discussion of the significance of the 
trypanocidal properties of human serum, and consider whether this 
remarkable quality is related to the equally striking relative immunity 
of man to infection with the trypanosomes pathogenic to the 
domesticated animals, and indeed to all members of the genus 
TRYPANOSOMA, except T. gambiense. The problem is undoubtedly a 
fundamental one and its correct solution would in all probability 
throw much light on the subject of the epidemiology of human 
trypanosomiasis, and particularly on that variety to 
T. rhodesiense : it might even go far towards clarifying the important 
and still vexed questions of the identity of T. brucei and T. rhodestense, 
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and the antelope reservoir of the latter parasite ; and of the relation- 
ship of these parasites with T. gambiense. 

As we have already pointed out in the historical introduction 
to this paper, when Laveran and Mesnil first discovered the fact 
that human serum had a definite therapeutic effect on mice infected 
with T. brucei, they were inclined to associate the phenomenon with 
man’s immunity to this parasite. The fact, however, that Laveran 
and Mesnil, and many others who followed them, were unable to 
demonstrate that human serum had any action 7m vitro tended to 
shake confidence in this view, as also did Laveran and Mesnil’s state- 
ment that human plasma was much less active than the serum. 
Rosenthal, who, judging from the number and magnitude of his 
publications on the therapeutic action of human serum in 
experimental trypanosomiasis, must have devoted a great amount 
of time to the subject during the last fifteen years, and whose views, 
therefore, merit special consideration, has, for a number of reasons 
which appear to him cogent, reached the definite conclusion that 
the therapeutic and protective property of human serum is in no way 
related to man’s immunity to the pathogenic trypanosomes of 
animals. 

The question is of such practical importance that it appears to us 
desirable to summarize once more the main observations upon which 
Rosenthal bases his views, and then to subject them to critical 
examination. Rosenthal’s points, which are marshalled in a recent 
paper (1924), are as follows :— 


1. The lower apes, sheep, goats and pigs are but slightly susceptible to trypano- 
somal infections, and hens and geese are completely insusceptible, and yet the 
serum of these animals contains no trypanocidal substance ; consequently, either the 
biological mechanism of natural resistance to the pathogenic trypanosomes must vary 
in the different classes of animals, thus rendering impossible a uniform explanation 
of trypanosome immunity, or the heart of the matter has not been laid bare by the 
discovery of the therapeutic action of human serum. 


2. Laveran and Mesnil have shown that the trypanocidal action of human 
serum is, in considerable measure, a coagulation effect, because human plasma exhibits 
but little therapeutic action as compared with serum. From this it appears that 
either anti-trypanocidal substances are present in human plasma which are eliminated 
in the process of coagulation, and do not reach the necessary degree of inhibitory 
action in the human body, or the trypanocidal power of human serum is in great 
part an artificial product and is not present in the circulating blood. 

3. The most weighty observation is, however, that human serum has no direct 
lethal action on trypanosomes, and that its trypanocidal action first becomes manifest 
after its incorporation into the organism of a foreign species of animal; trypanosomes 
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can be left for several hours in contact with human serum without visible injury, 
and if such parasites be freed from the serum by centrifuging and washing, they 
produce infection when injected into a susceptible animal. In other words, 
Rosenthal believes that there exists in human serum a trypanocidogenous substance 
which, after injection into an animal, is converted by the reticulo-endothelium of 
that animal into trypanocidal substance. The fact that the trypanocidal substance 
is not present in a pre-formed state in human serum shows on what shifting ground 
the teaching of serum-trypanocidicity as the foundation of man’s immunity to the 
pathogenic trypanosomes of animals rests. 

The first of these three arguments does not appear to us to have 
much weight. The lower apes, sheep, goats and pigs are all 
susceptible to infection with the trypanosomes pathogenic to man 
and stock. It is probably true that in certain native herds of sheep, 
goats and pigs, the infections may be exceedingly mild, and that the 
animals may exhibit a tolerance to infection almost comparable to 
that exhibited in so remarkable a degree by the antelope, but they 
can in no sense be said to be immune to infection with any of the 
trypanosomes pathogenic to man and stock. It is, furthermore, 
hardly correct to state that fowls and geese are completely 
insusceptible to trypanosomal infections. It is true that the Royal 
Society’s Commission in Uganda (1911) was unable to infect fowls 
with T. gambiense by means of G. palpalis : but there is considerable 
evidence that at least a temporary infection of both fowls and geese 
can follow inoculation of infected blood. Schilling (1904), and 
Mesnil and Martin (1906) infected geese with nagana, but failed to 
infect fowls. Goebel (1906 and 1908), however, inoculated T. brucei 
into the caruncles of fowls ; twenty-three birds were used in these 
experiments and although trypanosomes were never found in the 
circulating blood, or in smears of organs, Goebel obtained infections 
in guinea-pigs sub-inoculated with the blood of the fowls in twenty 
cases, over periods varying from three to eighty-one days. It was 
observed that passage through the fowl did not alter the virulence 
of the trypanosome for guinea-pigs ; as a rule, the fowls exhibited no 
appreciable symptoms. 

Mesnil and Blanchard (1912) found that fowls could be infected 
with T. gambiense and T. rhodesiense : four were inoculated with 
each trypanosome, I c.c. of diluted mouse-blood being injected into 
the wattles, and seven of the eight became infected. Trypanosomes 
were not seen in blood films, but the blood was shown to be infected 
by sub-inoculation into rats every ten or twelve days. Three of the 
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fowls infected with 7. gambiense died on the 28th, 38th and 75th days, 
respectively, and two of those inoculated with T. rhodesiense on 
the 56th and 62nd days. Four of the fowls had ocular lesions— 
conjunctivitis, iridocyclitis and keratitis—identical with those found 
in infected rabbits and dogs. We thus see that there is overwhelming 
evidence that fowls and geese are by no means immune to the 
pathogenic trypanosomes of man and stock. 

Let us now turn to Rosenthal’s second point, that the trypanocidal 
action of human serum is in considerable measure a coagulation effect 
because human plasma exhibits but little therapeutic action as 
compared with serum. So far as we have been able to ascertain, this 
statement is based not upon Rosenthal’s personal observation, but 
upon one made by Laveran and Mesnil ; these authors (1902) write : 
‘ Dans une expérience, le plasma humain citraté s’est montré trés peu 
actif, en comparaison du sérum.’ 

It is interesting to note that a deduction of such importance as to 
justify frequent citation in the literature is apparently based on a 
single experiment which, so far as we can discover, has never been 
confirmed. We shall, however, leave this subject for the moment 
and pass to a consideration of Rosenthal’s third and most important 
argument, viz., that the power of human serum to cure infected 
mice is not related to man’s immunity to the pathogenic trypanosomes 
of animals, because human serum has no lethal action on the 
trypanosomes in vitro, but only becomes trypanocidal after its 
incorporation into the organism of the injected animal. 

This would, of course, be an almost overwhelming argument if 
it were a fact, but our experimental work has convinced us that it 
is most definitely not so. We have demonstrated conclusively that 
normal human serum exerts a pronounced trypanocidal action on 
our old laboratory strains of T. rhodesiense and T. equiperdum 
in vitro at 37° C., and that this trypanocidal action is manifest even 
when the trypanosomes are present in enormous concentration, or, 
alternatively, when the serum is enormously diluted. The 
trypanocidal action of human serum on our two strains of 
T’. congolense was, although much less pronounced, still quite definite, 
whilst with our old strain of T. gambiense we were unable to satisfy 
ourselves that human serum had any trypanocidal action 7” vittro ; 
the ‘Sherifuri K’ strain proved to be partially serum-resistant. 
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A further important point brought out in our experimental work 
is that citrated human plasma exhibits im vitro a trypanocidal 
action equal to that of the serum. 

These facts seem to us to dispose once and for all of Rosenthal’s 
two main arguments. We do not propose here to embark on an 
analysis and criticism of Rosenthal’s experimental work on the 
therapeutic action of human serum in experimentally infected mice, 
much of which—particularly that relating to the part played by the 
reticulo-endothelium of the mouse—appears to be deeply interesting, 
but merely to content ourselves with recording that the results of our 
work, on the trypanocidal action of human serum i” vitro, would 
afford adequate prima facie grounds for believing that the therapeutic 
effect is explicable on the hypothesis that the injected serum acts 
directly on the parasite without undergoing any change in the mouse 
organism. These are, however, matters which we must leave for a 
further paper. 

The unequivocal demonstration that T. rhodesiense, T. equiperdum 
and T. congolense are rapidly destroyed 7 vitro at 37° C. by normal 
human serum or plasma, and that 7. gambiense is apparently 
unharmed by either, endows the well-known phenomenon of the 
therapeutic action of human serum in experimentally infected mice 
with an entirely new significance, and seems to us to afford the 
strongest grounds for believing that man’s immunity to infection with 
the pathogenic trypanosomes of stock, and his relative susceptibility 
to T. gambiense, are bound up with this property of his serum ; and 
that the phenomenon has, in all probability, an important bearing on 
the epidemiology of human trypanosomiasis. 

This naturally brings us to the question why one parasite derived 
from man, viz., Trypanosoma rhodesiense, should be very susceptible 
to the trypanocidal property of normal human serum or plasma, 
whilst the other, viz., Trypanosoma gambtense, is exceedingly 
resistant. As we have already mentioned, our T. rhodesiense strain 
was isolated from man in 1923, and the 7. gambiense strain in 
1922, and both have since been maintained by passage through 
mice. 

Unfortunately, we have no direct knowledge of the trypanocidal 
action 7m vitro of human serum on other strains of trypanosomes 
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derived from man* with the single exception of the very interesting 
‘ Sherifuri ’ strain to which we refer later. 

The information supplied by Razgha (1929), in his recent paper 
on the cultivation of the trypanosomes pathogenic to man, may, 
however, not be without significance in this respect. Razgha 
employed as a culture medium equal parts of Ringer’s solution and of 
citrated human blood ; it was found preferable to allow the medium 
to stand for several days before inoculation; the cultures were 
incubated at 22°-24°C. The author records that in his experiments 
he used three strains of T. gambiense—one eight years old and two 
recently isolated from man ; and two strains of T. rhodesiense—five 
and seventeen years old, respectively. With the freshly isolated 
strains of T. gambtense, cultures were obtained without difficulty, 
but only occasionally with the older strain of T. gambiense and the 
younger strain of 7. rhodesiense, and never with the older strain of 
T. rhodesiense. Attempts to cultivate the laboratory strain of 
T. brucei were also unsuccessful. 

In our opinion the most probable explanation of these divergent 
results is that the most recent T. gambiense strains were completely 
serum-resistant, that the older strain of 7. gambiense and that the 
younger strain of T. rhodesiense were partially resistant, whilst the 
older strain of T. rhodesiense and the laboratory strain of T. brucei 
were very sensitive to the trypanocidal action of human serum. 

Furthermore, there is in the literature a number of observations 
relating to the prophylactic and therapeutic action of normal human 
serum on mice infected with 7. gambiense and T. rhodesiense. 
Laveran (1904), Thiroux and d’Anfreville (1908), and Mesnil and 
Leboeuf (1910), all showed that human serum exercised no action 
on the course of 7. gambiense infections in mice ; whilst Mesnil and 
Ringenbach (1911) made the interesting discovery that T. rhodesiense 
in mice was very susceptible to the action of human serum. 

Some years later, Mesnil and Blanchard (1916) summarized the 
available information regarding the sensitiveness to human serum 
of several strains of trypanosomes carefully observed from the time 
of their isolation from man. They state that two strains of 


* Saito (1927), in the German summary of his Japanese paper, states that human serum exerted 
in vitro a definite trypanocidal action on a strain of T. gambiense which had been preserved for many 
years by passage through mice. 
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T. rhodesiense proved to be relatively sensitive to human serum 
shortly after they were obtained from man. We have traced these 
two strains back through the literature and find that the first was 
isolated from the original T. rhodesiense case, W.A., by one of us, 
in December, 1909, and sent to Mesnil ; this strain then at the time 
it was tested by Mesnil and Ringenbach (1911) was probably about 
eighteen months old. The other strain was sent to Mesnil by 
Wenyon, who isolated it in Ig1I, or 1912, from a case in London, 
W.G., so that at the time it was first tested by Mesnil and Ringenbach, 
in I9gI4, it was approximately two years old. As_ regards 
T. gambiense, one strain studied by Laveran (1915) proved to be 
insusceptible to the action of human serum twelve years after it was 
isolated from man. The second strain of 7. gambiense (Mesnil’s) 
first exhibited some slight degree of sensitiveness seven years after 
it was obtained from man (Mesnil and Ringenbach, 1912) ; afterwards 
its sensitiveness varied somewhat, but eventually after eleven years 
passage through laboratory animals, it became almost as sensitive 
to human serum as 7. rhodesiense (Mesnil and Blanchard, 1916). 
It is further stated that the strain /anfranchii—the nature of which 
is uncertain, but which was obtained from an accidental laboratory 
infection of Professor Lanfranchi—was found to be susceptible to the 
action of human serum when it was first examined two years after its 
isolation from man. 

Zeiss (1920) studied the therapeutic action of normal human 
serum in mice infected with four strains of T. gambiense and one 
strain of 7. rhodesiense. Two of the gambiense strains had been 
preserved in laboratory animals for fifteen years and the other 
two for six years ; the rhodestense strain had been obtained from man 
seven years previously. Human serum was found to have no 
therapeutic action on any of the gambiense strains, but to have a 
pronounced therapeutic action on the rhodesiense strain. 

If we are correct in our assumption that the therapeutic action of 
human serum is merely an index of its actual trypanocidal 
properties—and we believe that our experiments have shown that 
this assumption is well-founded—then we can infer from our own 
observations, and from those of the workers just quoted, that whilst 
T. rhodesiense is very susceptible to the trypanocidal action of 
human serum within about one and a half to two years after its 
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isolation from man, 7. gambiense remains insusceptible for prolonged 
periods, viz., our own strain for at least eight years, Laveran’s strain 
for at least twelve years, Zeiss’s four strains for at least six to fifteen 
years, whilst Mesnil and Ringenbach’s strain remained insensitive 
for seven years, and then gradually during the following four years 
became susceptible. 

The resistance of 7. gambiense to the cytolytic action of human 
serum thus appears to be a remarkably fixed character, and it 
is difficult to avoid the conclusion that man’s susceptibility to 
infection by T. gambtense is directly due to this fact. When, however, 
we turn to 7. rhodesiense, the problem is not so simple. Here we 
have to deal with a parasite which within two years of its isolation 
from man is very susceptible to the cytolytic action of human serum. 
It seems to us incredible that our laboratory strain of 7. rhodestense 
which, as we have shown is killed by normal human serum, or 
plasma, in vitro at 37°C. within a few hours, even though the 
serum or plasma is diluted to such an extent that its concentration 
in the medium is only 1: 25,000, could infect man; and we are, 
therefore, compelled to conclude that it has changed radically since 
its isolation from man, and that T. rhodestense, unlike T. gambiense, 
rapidly loses its serum-resistance when maintained in laboratory 
animals. In other words, the serum-resistance of 7. rhodesiense 
is not a fixed or stable character, but is one which is relatively 
readily acquired and quickly lost. 

In this connection it is interesting to consider the behaviour of the 
‘Sherifuri K ’ strain. This strain is peculiar in that, although it was 
isolated from the gland juice of an infected native in a district in 
which so far as is known all human trypanosomiasis is of the gambiense 
type, it presented certain marked differences from the usual strains of 
T. gambiense isolated from man. Firstly, the sub-inoculated animals 
of the early passages exhibited numerous posterior-nuclear forms ; 
secondly, the pathogenicity in guinea-pigs appears to us to resemble 
much more closely that of the T. rhodesiense strains isolated from 
rhodesiense sleeping sickness cases by Kinghorn and Yorke (1912) in 
the Luangwa Valley, than that of recently isolated gambiense strains ; 
and thirdly, in an unpublished communication to Dr. Wenyon, it is 
stated that Paisley found that the adhesion test showed the parasite 
to be more closely related to the local strain of T. brucei than to that 
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of T. gambiense. It is further recorded that G. morsitans and 
G. tachinoides are present in the district from which the patient 
came, and that there is plenty of T. brucei in the game [Letter from 
Lloyd, 3rd March, 1930]. These facts, considered in conjunction 
with the remarkable behaviour of the parasite to normal human 
serum—it was partially serum-resistant, infinitely more so than our 
laboratory strain of T. rhodesiense, but definitely less so than our 
laboratory strain of T. gambiense—suggest to us that the ‘ Sherifuri 
K’ strain is T. rhodesiense, which at the time it was isolated 
from man in February, 1929, was serum-resistant, and during its 
passage through five guinea-pigs over a period of twelve months, has 
become slightly serum-sensitive. We hope to keep the ‘ Sherifuri K ’ 
strain under careful observation and to examine its reaction to 
normal human serum from time to time. 

These facts appear to us to throw interesting light on the difficult 
and important problem of the epidemiology of sleeping sickness due 
to T. rhodesiense. It will be recalled that Kinghorn and Yorke 
(1912 and 1913) discovered the important fact that the game, and 
particularly the antelope, of Central Africa, were widely infected 
with the trypanosomes pathogenic to the domesticated animals ; 
one of the parasites found by them in game was shown to be 
indistinguishable from TJ. rhodestense found in man. These 
discoveries caused Kinghorn and Yorke to state that the game 
constituted the chief reservoir from which G. morsitans derived 
the trypanosomes pathogenic to man and stock. These observations 
were quickly confirmed by Bruce and his colleagues (1913), and the 
question of the identity or non-identity of the trypanosomes of the 
same morphological appearance occurring in game and man was 
soon the subject of a violent polemic. Taute (1913) allowed two 
considerable batches of laboratory-bred G. morsitans which had 
been infected with the antelope strain of T. brucei to feed on himself, 
with negative results. Ina further experiment, he inoculated himself 
with 2 c.c. of the blood of a naturally-infected dog, and again the 
result was negative. Some years later, Taute and Huber (1919) 
recorded that they injected themselves and 129 natives with T. brucet 
from naturally-infected animals, without obtaining infection in a 
single instance. Taute and Huber consequently argued, and with 
considerable force, that the trypanosome found in game and stock 
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is different from that found in man or, in other words, that 7. brucei 
and 7. rhodesiense are different species and that the game is not the 
reservoir of the human parasite ; and in this they were supported 
by Kleine (1914) and many others. Yorke and Blacklock (1914), 
and Yorke (1920) rejoined that although it had not been 
experimentally demonstrated that man could be infected with the 
game trypanosome, it had, on the contrary, been shown that stock 
and game could be infected with the trypanosome from man, and that 
as Glossina could readily be infected from these animals, it was 
difficult to understand how the parasites of man could fail to be 
widely disseminated amongst the game. They referred to the 
curiously sporadic distribution of rhodesiense infection in man and 
to the rarity, and limited nature, of epidemics of this form of sleeping 
sickness, and finally explained Taute’s and Taute and Huber’s 
failures to infect man on the hypothesis that man was exceedingly 
resistant to all members of the genus TRYPANOSOMA, except 
T. gamhense. 

We find support for this last contention of Yorke and Blacklock 
in our present experimental work. The pronounced sensitiveness 
to normal human serum of 7. rhodestense which has sojourned for 
some time--how long we do not yet know, but probably it will be 
found to be comparatively short—in vertebrate hosts other than man, 
provides almost overwhelming evidence that normal human beings 
cannot become infected with such strains, and supplies a simple 
explanation of the result obtained in Taute’s and in Taute and 
Huber’s experiments. 

When, however, we turn to a consideration of the case of persons 
in an abnormal state of health, the position is not so simple. We 
have already, in the introductory portion of this paper, referred at 
considerable length to the numerous observations which have been 
made, showing that the serum of individuals suffering from various 
diseases, particularly those of the liver, fails to protect mice against 
infection with pathogenic trypanosomes, and has little or no thera- 
peutic action. So far, we ourselves have not yet had time to examine 
this important matter to any great extent, but a few observations 
which we have made have shown that in certain pathological 
conditions, e.g., amoebic abscess of the liver, and obstructive jaundice, 
the serum may lose entirely its power to destroy trypanosomes 
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in vitro. There seems no obvious reason why such persons whose 
serum, from some cause or other, has lost its power of destroying 
trypanosomes, should not be susceptible to infection. Much further 
work will be required to ascertain exactly under what circumstances 
the trypanocidal power of the serum is lost, but the point seems to be 
well worth investigation as a step in the direction of obtaining some 
knowledge of the epidemiology of rhodesiense infections in man. 
Investigations on this matter can well be carried on in European 
laboratories, but as other and equally important researches can 
only be undertaken in Tropical Africa, we have decided, with a 
view to stimulating and guiding what we believe to be important 
work, to conclude this paper by stating briefly the hypothesis we 
have elaborated regarding the epidemiology of rhodesiense and 
gambiense sleeping sickness, and by indicating the lines by which our 
hypothesis can be put to the test. The hypothesis is as follows :— 

1. T.rhodestense is synonymous with T. brucei, and the antelope 
and other game of Central Africa constitute, as was claimed by 
Kinghorn and Yorke, the reservoir. 

2. Normal human beings cannot be infected with the parasite 
derived from game—either by blood injection or by the intermediary 
of Glossina—because of the remarkable trypanocidal power of human 
blood (plasma). 

3. In individuals suffering from certain diseases, and probably 
also in those suffering from the effects of insufficient or improper 
dietary, the trypanocidal power of the blood is lost, and consequently 
such persons can be infected by Glossina which have drawn the virus 
from game. 

4. When once the game trypanosome has established itself in an 
individual of this kind, it by degrees becomes serum-resistant— 
a process which is accelerated if, for any reason, the cause of the 
initial decrease or absence of trypanocidal substance is removed and 
the serum gradually recovers its lost power. 

5. After it has sojourned in the human host for some time, the 
trypanosome is, like 7. gambiense, definitely serum-fast, and 
consequently—unlike the parasite derived directly from game— 
infective for man. 

6. The serum-fastness is possibly preserved during the passage 
of the parasite through Glossina ; and if so, the infection could spread 
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from man to man through cyclically infected tsetse. If, however, 
this proves not to be the case, then the only obvious explanation 
of such localised epidemics of this form of the disease as have occurred, 
e.g., the Mwanza epidemic, is either that the fly transmits 
mechanically the serum-fast parasite from man to man, or that some 
local condition exists, e.g., dietary deficiency, or hookworm disease, 
which so affects the population as to deprive many individuals of the 
protection due to the trypanocidal power of the blood. 

7. If the parasite is passed on by tsetse to game or domestic 
animals instead of to man, it quickly loses its serum resistance— 
how quickly we do not yet know, but the available evidence suggests 
that the period is between one and two years—and so again becomes 
incapable of infecting normal man. 

8. T. gambiense is, like T. rhodesiense, identical with T. brucet, 
its apparent greater differences being merely due to more profound 
modification resulting from numerous passages through the human 
host. In other words, the source of both trypanosomes pathogenic to 
man—-7. gambiense and T. rhodesiense—is T. brucet, of which the 
natural reservoir is the game. The game trypanosome is not 
pathogenic to normal man because of the protective trypanocidal 
action of his blood. Under certain conditions (pathological and 
dietetic) the trypanocidal substance disappears from the blood of 
man and he becomes susceptible to infection with the game 
trypanosome. If such an individual becomes infected he develops a 
rhodesiense infection. These infections are seen typically in morsitans 
regions where the chief food supply of the fly is game or stock ; they 
are of sporadic occurrence and are unlikely to assume the form of 
considerable epidemics. We believe that gambiense infections 
likewise originated in this manner, but that having occurred in 
palpalis regions, where the contact between man and fly is more 
intimate than in morsitans regions, there was a correspondingly 
greater chance of man to man infection. Prolonged man-Glossina- 
man passage has produced the modifications of the parasite which 
have resulted in the characters of T. gambiense, the most striking of 
which is its ‘ fixed’ resistance to the trypanocidal action of human 
serum. 

This hypothesis has, of course, one very serious disadvantage 
and that is that it rests on but a very slender foundation of experi- 
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mental observation. Nevertheless, as it appears to afford a 
reasonable explanation of the facts—morphological, biological and 
epidemiological—so far accumulated, it seems well worth subjecting 
to the test of experimental enquiry. This can, in our judgment, be 
done in a Satisfactory manner by obtaining the answers to the 
following questions :— 

1. Is 7. rhodestense in the blood of an infected man resistant to 
the trypanocidal action of normal human serum? If not, is the 
serum of the patient without trypanocidal action on 7. brucei 
obtained from game, stock, or wild tsetse ? Assuming—as seems 
highly probable—that T. rhodesiense in man is resistant to normal 
human serum, answers must be obtained to the following questions :— 

2. Is T. rhodestense in the blood of animals sub-inoculated from 
infected man resistant to the trypanocidal action of normal human 
serum ; and if so, for how long, and through how many animal 
passages is the serum-resistance maintained ? 

3. Is the serum-resistant character preserved through the 
cyclical development of the trypanosome in Glossina? This 
important question should easily be answered by infecting rats 
by Glossina which have been infected from man, and examining the 
serum-resistance of the parasite obtained from the blood of the 
rats. As a corollary to this investigation the effect of passing 
a serum-sensitive strain of T. bruce: (or T. rhodesiense) obtained 
from game or stock through Glossina should be determined. 

4. If the serum-resistant character is transmitted through 
Glossina, for how many Glossina-rat passages is the character 
maintained ? 

5. Is there any difference in the serum-resistance of 
trypanosomes (7. brucei or T. rhodestense) obtained from rats infected 
by Glossina caught respectively in regions where rhodesiense sleeping 
sickness is epidemic, and in regions where it is merely endemic or 
absent ? 

6. Are the metacyclic trypanosomes from the salivary glands of 
Glossina infected, respectively, with T. rhodesiense from man, and 
T. brucei from game or stock, serum-resistant or serum-sensitive ? 

7. Examine the trypanocidal power of the serum of the non- 
infected inhabitants of an area where rhodesiense sleeping sickness is 
endemic Does any considerable proportion of the population 
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exhibit a decrease or loss of serum trypanocidal power? If so, is 
there any condition—dietetic or pathological—that can be held 
responsible ? 

8. It is also possible that careful study of the reaction to the 
trypanocidal substance of normal human serum of the polymorphic 
trypanosome in the antelope, and wild G. palpalis, of the depopulated 
islands and littorals of Lake Victoria might furnish valuable infor- 
mation. Duke (1912 and 1921) has, in fact, produced some evidence, 
based mainly on studies of morphology and pathogenicity, which 
suggests that the polymorphic trypanosome from the situtunga 
antelope in Damba Island, had during the period 1912 to 1920, 
undergone certain changes. He writes: ‘ Whereas the 1912 strain 
agreed with 7. gambiense, the 1920 strain shows many of the 
characters usually assigned to T. bruce.’ 

We have studied carefully Duke’s papers, but are unable to 
convince ourselves that he succeeded in proving that the 1912 
situtunga strain of Damba Island was undoubtedly T. gambiense. 
It is true that Duke produces some evidence that the 1920 antelope 
strain was more virulent for monkeys than was the 1912 antelope 
strain; but we cannot but be impressed with the fact that the 
differences in pathogenicity between the Ig12 and 1920 antelope 
strains appear, according to Duke’s own data, to be distinctly less 
than those between the I912 antelope strain and the strain of 
T. gambiense derived from man. The whole subject is one of very 
great difficulty and it is doubtful whether anything further is to be 
gained by analysing and discussing information relating to the 1912 
strain. It does, however, seem to us to be a matter of importance 
to know what are the reactions to human serum of the present day 
antelope strain. Information on this subject might not only throw 
light on the nature of the antelope strain, but enable us to judge 
whether or not the trypanosome is capable of infecting man. 

It seems to us that when answers have been obtained to these 
questions—and with the aid of the technique described in this and 
our previous papers, the task should be a comparatively simple one— 
we shall be in a position to examine critically the hypothesis set forth 
above and possibly to enjoy a much clearer insight into the important 
problem of the epidemiology of sleeping sickness than we do at 
present. 
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SUMMARY 


1. The interesting discovery made by Laveran, in 1902, that 
normal human serum, when injected into mice suffering from nagana, 
exerted a marked effect on the course of the infection, has called forth 
an enormous number of papers dealing with different aspects of the 
subject. 

2. In the historical survey which we have given of this work, 
it is pointed out that when Laveran and Mesnil first discovered the 
fact that human serum had a definite therapeutic effect on mice 
infected with T. brucei, they were inclined to associate the 
phenomenon with man’s immunity to this parasite. The facts, 
however, that Laveran and Mesnil and many others who followed 
them were unable to demonstrate that human serum had any action 
in vitvo, and that Laveran and Mesnil had found that plasma was but 
slightly active as compared with serum, tended to shake confidence 
in the view ; and Rosenthal, who has spent many years investigating 
the subject has reached the definite conclusion that the therapeutic 
and protective property of human serum is in no way related to man’s 
immunity to the pathogenic trypanosomes of animals. Rosenthal 
believes that human serum contains a trypanocidogenous substance 
which, on injection into an animal, is converted into an active 
trypanocidal substance by the reticulo-endothelium of that animal. 

3. In contrast to the experience of previous workers, we have 
succeeded in showing that normal human serum—and, equally, normal 
human citrated plasma—exerts a pronounced trypanocidal action 
in vitro at 37° C., on a number of strains of pathogenic trypanosomes. 
With our laboratory strains of T. equiperdum and T. rhodesiense, the 
trypanocidal action of normal human serum could be demonstrated 
even when the serum was diluted 5,000 and 25,000 times respectively ; 
with two recently isolated strains of 7. congolense, the trypanocidal 
action was obtained with serum diluted up to ten times; with 
‘ Sherifuri strain—a recently isolated rhodestense-like strain from 
a case of sleeping sickness in Northern Nigeria—the trypanocidal 
action was manifest with undiluted serum only; but on our old 
laboratory strain of 7. gambiense, normal human serum had no 
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4. The properties of the trypanocidal substance of normal 
human serum were studied, and a method described for determining 
its titre. In the course of this work the interesting fact was 
established that the sera of certain normal sheep and of certain 
normal rabbits possessed ‘ anti-trypanocidal’ properties, in that 
when they were mixed with normal human serum, they prevented 
the trypanocidal action of the latter. The sera of other sheep and 
rabbits did not possess this property. 

5. In certain pathological conditions, e.g., amoebic abscess of 
the liver, and obstructive jaundice, the serum loses its trypanocidal 
power, and exerts no cytolytic action on the trypanosomes 7” vitro. 

6. The unequivocal demonstration that 7. rhodesiense, 
T. equiperdum and T. congolense are rapidly destroyed in vitro 
at 37° C. by normal human serum or plasma, and that T. gambiense 
is apparently unharmed by either, endows the _ well-known 
phenomenon of the therapeutic action of human serum in experi- 
mentally infected mice with an entirely new significance, and appears 
to us to afford the strongest grounds for believing that man’s 
immunity to infection with the pathogenic trypanosomes of stock, 
and his relative susceptibility to 7. gambiense, are bound up with this 
property of his serum. 

7. Evidence is adduced that resistance to the cytolytic action 
of human serum is a ‘ fixed ’ character of T. gambiense which survives 
many years’ passage through laboratory animals, but that the serum- 
resistance of T. rhodesiense is a‘ labile’ character which is relatively 
quickly acquired and quickly lost. How long a strain of 
T. rhodesiense remains resistant to normal human serum after its 
isolation from man is not yet known, but we have produced some 
evidence to show that it becomes to some extent serum-sensitive 
within a year, after passage through a series of only five laboratory 
animals. 

8. We believe that these facts have an important bearing on the 
epidemiology of human trypanosomiasis, and assist in clarifying the 
difficult and still vexed questions of the identity of 7. bruce: and 
T. rhodesiense, and the antelope reservoir of the latter parasite, and of 
the relationship of these parasites with T. gambiense. 

9g. We have elaborated a hypothesis which, in our view, affords 
a reasonable explanation of the facts, so far accumulated, regarding 
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the epidemiology of human trypanosomiasis in Africa. Briefly 
stated, the hypothesis is as follows:—T. gambiense is, like 
T. rhodesiense, identical with T. brucez, its apparent greater differences 
being merely due to more profound modification resulting from 
numerous passages through the human host. In other words, the 
source of both trypanosomes pathogenic to man—T. gambtense and 
T. rhodesiense—is T. brucei, of which the natural reservoir is the 
game. The game trypanosome is not pathogenic to normal man 
because of the protective trypanocidal action of his blood. Under 
certain conditions (pathological and dietetic) the trypanocidal 
substance disappears from the blood of man and he becomes 
susceptible to infection with the game trypanosome. If such an 
individual becomes infected he develops a rhodesiense infection 
These infections are seen typically in morsitans regions where the 
chief food supply of the fly is game or stock ; they are of sporadic 
occurrence and are unlikely to assume the form of considerable 
epidemics. We believe that gambiense infections likewise originated 
in this manner, but that having occurred in palpalis regions, where 
the contact between man and fly is more intimate than in morsitans 
regions, there was a correspondingly greater chance of man to man 
infection. Prolonged man-Glossina-man passage has produced the 
modifications of the parasite which have resulted in the characters of 
T. gambiense, the most striking of which is its ‘ fixed ’ resistance to the 
trypanocidal action of human serum. As it is only in Tropical 
Africa that this hypothesis can be put to the test of experimental 
enquiry we have, for the guidance of those working in the field, 
indicated the manner in which this enquiry could most profitably be 
conducted. 
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The high rate of infections with intestinal protozoa in general 
and with Entamoeba Iustolytica in particular obtained for the healthy 
population of England, Sweden, the United States of America and 
other temperate countries, suggested the probability that the 
transmission of these parasites must also be widespread in the 
temperate regions of U.S.S.R. The few researches on this problem 
which were carried out with various aims, do not lead to a definite 
conclusion on this subject, because they were based on insufficient 
material and conducted on the basis of a method which has been 
found to be incorrect. 

Such was the reason which compelled the Department of 
Parasitology of the Bacteriological Pasteur Institute in Leningrad, 
organized in May, 1929, to undertake the examination of various 
groups of inhabitants of Leningrad for intestinal protozoal infections 
and to consider this work as one of its principal problems. 

The present report is the first of this series. 


MATERIAL AND METHOD 


An examination of 400 employees of the Workers’ Co-operative 
Organisation of Leningrad and of 204 patients at one of the Leningrad 
dispensaries (the First Wiborg Polyclinic), was carried out during 
the period May to September, 1929. 

In the first group were persons employed in various food-shops of 


Leningrad (Table XI below). In all these cases a careful inquiry 
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was made into the history of previous diseases and the present state 
of the gastro-intestinal system. The second group consisted of 162 
adult workers and the third of 42 children from one to fourteen years 
old. All the adults suffered from various kinds of intestinal disorders, 
which were diagnosed as colitis cronica, enteritis, gastritis, enterop- 
tosis, appendicitis and so on, but in the majority of cases as 
helminthiasis. The children also suffered from various intestinal 
disorders ; 32 cases were diagnosed as helminthiasis, and 10 
cases as colitis haemorrhagica, enteritis, icterus, appendicitis and 
anaemia. 

The stools were examined only once in each case. Two films, 
measuring 18 mm. by 36 mm., were prepared from the faeces (in the 
majority of cases twelve to twenty hours old) of every person. 
Before the films were allowed to dry, they were fixed with Schaudinn’s 
fixative (with 5 per cent. of acetic acid) and immediately afterwards 
stained with Heidenhain’s iron haemotoxylin. All the films were 
thoroughly and carefully examined at least twice, and often four 
times (the average time spent in examining each film was not less 
than ten minutes and in most instances as much as twenty minutes). 
The first examination was always made with the achromatic Zeiss 
40 objective, and the second with the fluorite immersion Zeiss 100 
objective and compensating eyepiece 7 x. In some cases, in 
addition to examinations for cysts of protozoa, we also made examina- 
tions for the motile stage after a saline purgative had been 
administered. All the cysts of E. /ustolytica and E. colt were 
measured by a micrometric ocular and in each case the extreme 
sizes were noted. 

The differentiation of cysts was based upon the following 
diagnostic features; (1) size, (2) number and structure of the 
nuclei, and (3) morphology of the chromatoid bodies. All the 
cysts measuring from 6” to I4m, and containing one to four 
nuclei, corresponding to the type Entamoeba, having large bar-like 
oval, or spindle-shaped chromatoid bodies with rounded ends, 
were noted as Entamoeba histolytica. We did not make any 
differentiation between cysts of E. tetragena, dispartenus, etc., 
bearing in mind the fact that, according to Dobell and others, they 
are only various races of E£. histolytica. Cysts measuring from 
12" to 24m with eight nuclei, were noted as EF. colt, In the 
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majority of cases they did not show any chromatoid bodies, but 
in a few cases contained long, slender acicular bodies with fractured 
or sharp ends or filamentar chromatoids aggregated into sheaves. 
The majority of the cysts were eight-nucleated, but sometimes cysts 
with one or two nuclei and a great glycogen vacuole were present in 
abundance. In a few cases eight-nucleated cysts measuring from 
gu to 124 were observed. 

Besides the cysts of these two species we noted also cysts of 
Endolimax nana, LIodamoeba_ biitschlit, Giardia intestinalis and 
Chilomastix mesmli. Balantidium and Coccidia have never been 
found by us. 

All the faeces were previously examined for helminthic infection. 


RESULTS OF THE EXAMINATION 


The results obtained from the examination of the three groups 
indicated above are set out in tabular form in Tables I to III. 


‘TABLE I 


Infection with intestinal parasites. 


Dispensary Patients 


| 


Adults 


| 


| Children 
| 


Number Per cent.; Number Per cent. | Number | Per cent. 


Total number examined ... ews} 400 100 162 Toco 42 100 


Infection with intestinal parasites | | 


in general 81°25 | 28 66-6 
Protozoal infection 262 62+4 | 20 48-0 
Helminthic infection 180 45°0 42. | 260 13 31°0 


Protozoal infection without 
helminths 140 3570 79 «4858 15 37°5 


Helminthic infection without | 
protozoa ... 58 14: 20 8 19°0 


Mixed helminthic and protozoal | 
infection 122 30°5 
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II 


Various protozoal and helminthic infections. 


Entamoeba Entamoeba Endolimax | Iodamocba Giardia | Chilomastix 
histolytica. | colt nana biitschlit | intestinalis | mesnilt 
Total % | Total % | Total % | Total % | Total % | Total % 
Employees .. Qt 22°75 154 390 | 50 125 | 70 17°75 | 59 14°75) 24 6:0 
Adult patients 41 25°3 | 63 16 g9 | 35 216 | 15 5 31 
Child patients Q 21°5 2 48 2 48 8 I 24 
| 
E. (Oxyurts) | Ascaris Trichuris | Dibothrio- Hymenolepis 
vermicularis | lumbricoid.| trichiura | cepb.latus. | Taenta nana 
Total % Total % | Total % | Total % | Total % | Total % 
Employees ... 3°25 | 25 6:25] 150 37°5 Q 2°25 6 15 6s 
Adult patients 4 2°4 | 28 173 9 5°5 I 06 2 42 2 
Child patients II 26:2 | 
Taste III 
Pure and mixed protozoal infections. 
With one With two | With three = With four With five 
species species species species species 
Total % |Total % Total % Total % |Total % 
Employees 136 52 83. 29 5 
| 
Adult patients 47 46°5 36 35°6 14 138 | I 10 
Child patients 15 75:0 2 10 | 


An analysis of the protozoal infections of the most infected group 
(400 employees) is given in Tables IV to X. 


LV. 


Infections with Entamoeba histolytica. 


Pure infection 


With one species 


With two species 


Mixed infection 


With three species 


With four species 


Total 


ry” 
Total % 


37 40°5 


Total 
20 


Total 
12°0 3 


3°5 


% | Total 
22-0 | = 
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TaBLe V 


Infections with one species. 


Entamoeba Entamoeba | Endolimax Todamoeba | Giardia Chilomastix 
histolytica colt | nana bitschlii_ intestinalis mesnili 
| 
| | 
20 60 13 16 | 23 4 
Taste VI 


Infections with two species. 


Be (| BAL BAL Baw BR i G. 4. 
E.c. | I.b. | Git. | | | Evn. | Chm. | I. 6b. | Goi. | Goa. | Ch. m. | Ch. m. | Ch. m. 


Taste VII 


Infections with three species. 


E.b. | E.b. | E.b. | E.c. | | Ecc. | | E.b. | E.b. | E.b. | Eb. 
£. E.c. EB. ¢. G. 1. E. n. E. «. E. n. | E. n. I. b. I. b. 
I.b. | | G.i. | Ch. m.| Cho m.| | Chom. | Ib | Chom. | | Chom. 


6 6 3 3 2 2 I I I I I 
Tasre VIII 
Infections with four species. 
E. b., E. c., E.b., E.c., E. b., E. c., E.b, E.c, | E.b, 
E.n., I. b. E.n., G.1. G.1., Ch. m. 
4 2 2 2 I 
Tasre IX 
Infection with five species. 
BE. b., Bm, Lb, Chm B. ty Bi tg Gt, Chom 
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TasBle X 


Showing findings in the two most infected cases. 


I Ox. v. Tr. | Dibot. latus. | E. b. {| £4, 


2 Ox.v. lumbr. | Hymen. nana E. ¢. E.n. | Gui. 


As has been mentioned above, all the individuals examined were 
questioned on the present state of their gastro-intestinal system. 
Amongst the 400 apparently healthy employees, 189 persons or 47:25 
per cent. suffered from various intestinal disorders, such as diarrhoea, 
constipation, pains in abdomen, often in its right half, flatulence and 
distension of the abdomen and so on; 43 individuals were found 
to be carriers of E. jistolytica. The number of these carriers forms 
also 47:25 per cent. of the total number of individuals infected 
with this parasite. 

Table XI shows the distribution of individuals infected with 
E. histolytica amongst the employees of various food-shops. 


Taste XI 


Total 
number Number infected Per cent. 
examined with E. histolytica 
| 


| 


Administration... 71 17 | 23 
Employees in provision shops... 89 16 | 18 
Employees in butchers’ shops... 70 18 | 26 
Employees in green-grocers’ shops es ne 75 16 | 21 
Employees in fish shops... a ink 10 2 | 20 
Employees in confectionery shops sis son 20 6 | 30 
Employees in bakers’ shops vi “i a 65 16 | 24 


Total number ... ee 400 gI | 22°75 


| | } 
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The results of the measurement of F. histolytica cysts are shown 
in the following table. 


Taste NIT 
Number of cases 
Sizes of cysts | 
Employees Adult patients Child patients 
6-84 sis 18 14 3 
S-10f6 eae 18 4 
1O-I2ft 13 12 I 


This table shows that amongst the employees cysts of 64 to 1ou 
were found in 53 cases or in 60 per cent., and large cysts of I2u, I4u 
and 16 in 38 cases or in 40 per cent. If we divide all the cases 
into two groups—one with cysts measuring less than Io, and the 
other with cysts from 10 to 16, the first group will give 20 per cent. 
(18 cases) and the second 8o per cent. (73 cases) of the total number 
(gI cases) of employees infected with this parasite. The cases 
showing cysts of similar sizes were found as often as cases with cysts 
of different sizes. Thus there were 18 cases with cysts measuring 
from 64 to 8u, 18 cases with cysts from 8u to Io“, and 13 cases 
with cysts from Io to I2m, which gives the total number 
of 49 cases or about 55 per cent. The remaining 42 cases or about 
46 per cent., had cysts of different sizes. An extreme variation 
in size (64 to I4u or 8u to 164) was observed in 22 cases or about 
24 per cent. In the group of adult dispensary patients, infections 
with E. Mustolytica cysts of similar size were found in about 75 per 
cent. of the cases. 
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DISCUSSION OF RESULTS 


The general infection with intestinal parasites amongst the 
examined groups of population reaches a very high percentage 
(66-6 for children, 74-7 for adult dispensary patients, and 81-25 for 
employees). So far as these figures were obtained from a single 
examination, the real figures must be still higher and it probably 
may be said, without exaggeration, that 100 per cent. of these groups 
of population are infected with intestinal parasites. As elsewhere 
the percentage of the protozoal infection is higher than that of the 
helminthic infection. 

Of these three groups the first two (employees and adult 
dispensary patients) give very similar figures both for general 
infection and infections with different species. The cause seems 
to lie in the fact that the two groups consist of individuals with 
similar conditions of health. As has been mentioned above, almost 
50 per cent. of the employees complained of gastro-intestinal 
disorders. Bearing in mind the insufficiency of the anamnestic 
data we may say that the majority of these apparently healthy 
individuals actually suffered from the same diseases, which affected 
the adult dispensary patients of our group. 

Some figures seem to indicate that in these chronic disorders of 
the intestinal tract the protozoa play a larger role than the helminths. 
The percentage of protozoal infections without helminths is higher 
(48 and 35 per cent.) and the percentage of helminthic infections 
without protozoa is a little lower (12 and 14 per cent.) amongst the 
adult dispensary patients than amongst the employees. 

The children group gives a somewhat different picture. Although 
the protozoal infection is also higher than the helminthic, the figures 
for the latter are higher than for the group of adults (19 and 12, 
31 and 36), while those for the protozoal infection are lower (48 to 
62:5, 37°5 to 48-8). A still greater difference is to be found in the 
figures concerning pure and mixed infections. Whilst in the adult 
group we find chiefly mixed infections (53-5 per cent.), amongst the 
children pure infections constitute 75 per cent. of cases. 

As a rule the percentage of infection with different species for 
children is also lower than for adults; the infection with Giardia 
intestinalis forms the only exception, giving for children a much higher 
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percentage than for adults (19 and g per cent.). This fact seems to 
exist everywhere and confirms the opinion that this parasite is much 
more pathogenic for children than for adults. 

The results obtained from our investigation greatly differ from the 
results of the surveys conducted in England, the United States of 
America, and other countries, as they show a much higher per- 
centage of infection with Jodamoeba biitschlii (17-6 per cent.). This 
parasite in our country seems to be even more widespread than such a 
common parasite as Endolimax nana (12:5 per cent.). Another 
point should be noted. With regard to the number of cysts the 
infection with [odamoeba biitschlit is considerably greater than all the 
other protozoal infections (except perhaps single cases of Guardia 
intestinalis). These cysts were sometimes present in extremely 
large numbers (15 to 20 and more cysts in each microscopic field). 

It is obvious that the infection with Entamoeba Iustolytica 
constitutes the most important part of the general protozoal infection. 
Our figures resulting from a thorough and careful but single examina- 
tion, have to be doubled at least in order to obtain a result which 
shall better approximate precision. 

This doubling would give an exceedingly high percentage of 
Entamoeba Iustolytica infection amongst apparently healthy 
individuals. As we know that the percentage of E. /ustolytica 
infection may vary greatly for different groups of the population, 
we think it necessary to emphasize the urgency of further investiga- 
tions in this direction in order to solve the question, whether the 
high percentage of this infection happens to be a characteristic feature 
of the examined groups of population only or whether it is common 
to all the inhabitants of Leningrad. The future work of the Depart- 
ment of Parasitology must give an answer to this important question. 

No contradiction will be found between the prevalence of 
the dysenteric amoebae and the circumstance that only 47-25 per 
cent. of E. histolytica carriers complained of gastro-intestinal 
disorders, if we bear in mind two facts: (1) the insufficiency 
of anamnestic data, and (2) the existence of the so-called healthy 
carriers of E. histolytica who have no symptoms of gastro-intestinal 
trouble at all. 

Table VII indicates that there is no connexion between any 
particular food trade and infection with E. histolytica. On the 
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other hand, whilst the average percentage of this infection among all 
the employees of food-shops amounts to 22-75 per cent., different 
food-shops show a much higher percentage of infected employees. 
For instance, the food-shop No. 1 has 66-6 per cent. of EF. histolytica 
carriers. The difference is still greater for some other protozoa. 
Thus Gtardia intestinalis, with an average percentage of infection 
14°75 in the food-shop No. 20, gives 64:3 per cent. 

The absence of connexion between F. /istolytica infection and 
any particular food-trade and the obvious existence of some reservoir 
of this infection seem to indicate that EF. histolytica infection, as is 
probably the case in protozoal infections in general, is propagated by 
means of contact and that direct, inter-human contagion is more 
important than the indirect infection by food or drink. 

It is interesting to note that all the adult dispensary cases of 
E. histolytica had quite different clinical diagnoses, among which we 
can find even such as pregnancy, lumbago, spasm of thick gut 
and neurasthenia, and that none of these cases had been diagnosed 
as amoebiasis. In the majority of cases there was a diagnosis 
of helminthic infection, although only in eight of these eighteen 
cases helminths were found (Oxyuris, Ascaris and Trichurts). 

Among child patients, cysts of /:. /istolytica were discovered 
in four cases, namely in one case of acute icterus (aged 7 years), 
in one case of anaemia (aged 5 years) and in two cases of acute 
blood-diarrhoea (one aged 9 months and the second aged 16 months). 

In all the 45 dispensary cases of E:. histolytica infection there were 
previous histories of chronic intestinal disorder. 

The evidence resulting from the measurement of E. /istolvtica 
cysts rather contradicts Brumpt’s suggestion of the existence of non- 
pathogenic Entamoeba with small four-nucleated cysts. On the 
other hand, the presence in half of the cases of cysts of different 
sizes seems to confirm the view of Dobell, Boeck and others, on the 
existence of different races of one E. histolytica. 


SUMMARY 


1. Six hundred and four individuals were examined in Leningrad 
for intestinal parasites. Each case had only one examination. 
2. Amongst the group of 400 food-employees, 262 (65-5 per cent.) 
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were found to be infected with various protozoa. FE. histolytica 
was discovered in ninety-one cases (22°75 per cent.). 

3. One hundred and eighty-nine (47:25 per cent.) of these 
employees suffered from various gastro-intestinal disorders. 

4. Of 162 adult non-dysenteric patients treated in the dispensary 
for various gastro-intestinal disorders, 101 (62:4 per cent.) were 
found to be infected with various protozoa. E. histolytica was 
discovered in forty-one cases (25°3 per cent.). 

5. An investigation of forty-two child dispensary patients 
suffering from various gastro-intestinal disorders showed that 
twenty cases (48 per cent.) were infected with various protozoa. 
In four cases (9:5 per cent.) /. histolytica infections were found. 
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BY 
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CHIEF OF THE DEPARTMENT OF PARASITOLOGY OF THE 
BACTERIOLOGICAL PASTEUR INSTITUTE IN LENINGRAD 


(Received for publication 13 January, 1930) 


The problem of aestival blood diarrhoea is still unsolved: 
notwithstanding the attention given to it during a long period of time 
by large circles of physicians, the true nature of this disease remains 
unknown. Many attempts to find its specific bacterial agent have 
given no positive results. Failure to find the cause of it seems to 
lie in the exclusive attention drawn to the bacteriological side of the 
question ; under the general grouping of aestival blood diarrhoea 
diseases with different etiologies are undoubtedly included. 

The widespread presence of Entamoeba histolytica and other 
intestinal protozoa amongst the apparently healthy population of 
temperate countries suggests that these parasites must play a 
great role in the occurrence of intestinal diseases. But until the 
present time this question has received little attention in the Russian 
medical literature. The few papers on this subject—almost all of 
them concerning the south regions of U.S.S.R.—often give quite 
contradictory results. This fact seems to be due in a considerable 
degree to the incorrect methods of investigation employed. 

The absence of such investigation conducted with correct methods 
for the temperate regions of U.S.S.R., and the widespread increase 
of EF. histolytica and other intestinal protozoa among the population 
of these regions, rendered urgent the study of the réle played by 
these parasites in the etiology of aestival diarrhoea, which in 
Leningrad sometimes takes the character of a real epidemic. 
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The investigation of this question constitutes one of the principal 
problems to be studied by the Department of Parasitology. 
According to this plan such investigation would have to consist in 
a careful clinical observation of a group of patients suffering from 
aestival diarrhoea with constant microscopical control of their 
faeces during all the course of the disease. As there were no 
technical facilities for the Department to conduct the work on 
such a scale, the investigation was limited to a single examination 
of as great a number as possible of such patients in a hospital, in 
order to study the intestinal protozoa, with a view to the discovery 
of cases of amoebic dysentery among those of aestival diarrhoea 
in Leningrad. 

The work was conducted in the hospital of the Botkin Barracks, 
by kind permission of Professor G. A. Iwaschinzeff, M.D., the Chief 
of this hospital, to whom we express our indebtedness. We are 
also greatly indebted to M. A. Rapoport, M.D., Chief of the bacterio- 
logical laboratory of this hospital, who kindly gave us permission to 
conduct all the technical part of our work in this laboratory and 
supplied us with the information concerning the results of 
bacteriological examinations of all our cases. Finally we wish to 
acknowledge the help we received from the collaborator of this 
laboratory, Miss Rk. M. Pallerstein, D.Sc., in the collection of material 
and the careful preparation of many hundreds of films. 


MATERIAL AND METHOD 


During the period from July rst to August 31st, 1929, 225 patients 
of the Botkin hospital for acute intestinal disorders were examined. 
In a great majority of cases these individuals were workers and 
employees who had resided at Leningrad for many years. These 
patients were admitted to the hospital with various diagnoses 
(see Table II below). The faeces in all the cases were also examined 
bacteriologically. 

The material for our examination was collected during different 
periods of the disease and only in a few cases did we obtain it at 
the beginning of the disease, before the treatment had commenced. 
This circumstance had certainly a specific influence on the results 
of the investigation, but technical causes did not allow us to elude it. 
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From the beginning of our work we found that the usual procedure 
of sending the specimens from the ward to the laboratory was quite 
unsatisfactory. As a rule the material was brought too late, some 
hours after dejection, when the motile stages of the protozoa had 
already considerably degenerated and were often quite unfit for 
diagnosis, especially for the most important diagnosis of /. histolytica 
and colt. 

Therefore, a short time after we began our work, another arrange- 
ment was made to secure the collection of quite reliable and fresh 
stools. The person in charge of the collection of specimens personally 
visited the barracks, and prepared films from faeces immediately 
after they had been passed. They were at once fixed by Schaudinn’s 
fixative with 5 per cent. of acetic acid and stained by Heidenhain’s 
iron haemotoxylin. In the majority of cases the stools were 
examined only once for each patient, but about 20 per cent. were 
examined from two to six times. In each case two films, measuring 
18 mm. by 36 mm. and 18 mm. by 54 mm. were prepared. All the 
films were examined several times (an average of not less than 
10 to 15 minutes being devoted to each film) with fluorite immersion 
Zeiss 100 objective and compensating eye-piece 7 x. 

The cases, in which we found (1) Entamoeba with red blood 
corpuscles, (2) cysts of FE. histolytica (associated or not associated 
with motile stages) and (3) motile stages of Entamoeba without 
red blood corpuscles and cysts, but distinguishable themselves by 
a complete absence of any ingested material, by a sharp differentiation 
of plasma into endo- and ecto-plasma and by a typical structure of 
the nucleus,* were noted as Entamoeba histolytica. All the doubtful 
cases, which did not show clearly the features mentioned above, 
were noted as E. colt. 

In a few cases Enteromonas hominis and Embadomonas intestinalis 
seemed to be discovered. But they were not noted, as the films 
were not correctly differentiated and therefore these parasites could 
not be reliably diagnosed. 

All the E. histolytica and E. coli found were measured with a 
micrometric eye-piece. 


A delicate nuclear membrane with single layer of minute chromatin grains on its inner surface, 
a minute karyosoma situated in the centre of the nucleus and no chromatin between the karyosoma 
and the nuclear membrane. 
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RESULTS OF EXAMINATION 


Out of 225 patients, I10 (or 49 per cent.) were found to be infected 


with some of the protozoal organisms. 


In Table I an analysis of 


positive cases is given and the incidence of protozoal infection 


shown. 
Tasie I 
Showing incidence of protozoal infection found. 
Ent- | Ent- Endo- Tod- Dient- Chilo- | Tricho- | Balan- 
amocba amoeba limax amoeba | amoeba | Giardia mastix monas tidium 
histolytica colt nana biitschlit | fragilis intestinalis. mesnili | hominis. colt 
Number of 
cases 
infected ...| 32 54 26 27 I 5 17 2 I 
Percentage of | 
total cases 
examined ... 24°0 | 2°2 og 
Pure infection I4 25 1 | 10 4 7 I I 
| 
| 
Mixed infec- | 
tion 18 29 15 | 17 I I 10 I 
One patient frequently harboured two or more protozoa. Some 


idea of the commoner mixed infections found may be gained from 
the list given at the end of this report. 

E. histolytica was found with red-blood corpuscles in 13 cases, 
in 8 cases associated with cysts, and in 11 cases without cysts and 


red blood corpuscles. 


The bacteriological examination of faeces showed positive results 
for bacillary dysentery-in 22 cases (9:8 per cent.). 
was also found in only one of these cases (Case 37). 


But L. histolytica 
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II 
| Bacillary dysentery Amoebic dysentery 
Total 
Diagnosis number | 
of Total | Per cent. Total Per cent. 
cases | number | of total number | of total 
cases cases 
Dysentery 8 | 3 37°5 I 12°5 
Colit. and enterocol. haemorrh. 8 20 18-0 
| 
Colitis : | 6 | 6 3 
olitts ac. eee 41 I4 3 7°3 
Entero-colitis ac. 20 3 | 1570 5 25°70 
Gastro-entero-colitis —... 6 
Gastro-enteritis ac. 24 2 8-3 
Typhus abdominalis —... 3 
| 
| | 


In a great majority of cases infected with £. histolytica, the 
patients were workers who had resided at Leningrad for many years ; 
three individuals had arrived from Pskoff and Witebsk districts. 
Two patients had lived recently in the Caucasus and in Turkestan. 

With regard to the course of E. histolytica infection it should be 
noted that in a large number of the cases, the disease was of a short 
duration, as shown below. 

Left hospital 7 days or less... ih ... 8 persons. 
15 to 21 days 
22 to 30 days__s.... va 

It must be noted that in some cases the patients leaving the 
hospital still had some symptoms of the disease, such as a soft 
unformed stool, pain or tenderness in the region of the thick gut, 
pains in abdomen and sometimes even continuous diarrhoea. 

In the anamnesis of many cases frequent intestinal disorders have 
been noted. 
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In six fatal cases examined only once each, no FE. histolytica 
was found. In one we found Balantidium coli, which was probably 
the cause of death. In the remaining five cases, although the 
bacteriological and protozoological examination gave negative 
results, the post-mortem findings do not exclude the possibility of 
amoebic dysentery. ‘The epicrisis in these cases was: (1) dysenteria, 
(2) colitis ulcerativa, and (3) entero-colitis necrotica diphtheritica. 


DISCUSSION OF RESULTS 


The evidence obtained from our examination leaves no room 
for any doubt concerning the existence of amoebic dysentery amongst 
the aestival blood diarrhoea in Leningrad. There is also no doubt 
that the percentage of such cases must be considerable. The 
percentage shown by our investigation (14:2) is much lower 
than the real one. The examination of faeces a short time after 
enemas of oil or after some remedy administered per os could not 
fail to reduce the percentage of positive findings; still greater 
importance had the fact of a single examination. About 20 per cent. 
of the cases were examined two, three, four and five times each ; 
consequently, the percentage of positive findings in this group of 
patients was considerably increased. Thus: in 173 cases examined 
once each, histolytica was found in per cent. ; in 41 cases 
examined twice each, £. histolytica was found in 19-5 per cent. ; in 
II cases examined from three to five times, EF. /istolytica was found in 
per cent. 

Bearing in mind that, according to Wenyon, Boeck and others, a 
single examination discovers only about one-third of the total 
number of real infections, it may be acknowledged that in Leningrad 
about half of all the individuals suffering from acute aestival diarrhoea 
are infected with E. /istolytica. The widespread prevalence of 
E. lustolytica amongst the dispensary patients and employees of 
co-operative food-shops in Leningrad, discovered by a special 
investigation, confirms the correctness of this conclusion. 

It is possible that some cases, in which E. histolytica was 
found, are not cases of true dysentery. Cases in which E. histolytica 
did not contain red blood corpuscles could be only carriers of 
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E. histolytica having no active amoebic dysenteric process in progress 
and suffering from bacillary or other form of dysentery. But the 
13 cases (5°8 per cent.) in which E. histolytica contained red 
blood corpuscles must be noted as cases of true amoebic dysentery. 
And therefore it should be stated that not less than 15 to 20 per cent. 
of cases of acute aestival diarrhoea in Leningrad are cases of amoebic 
dysentery. 

The short duration of the disease sometimes observed in these 
cases does not contradict at all the fact of their amoebic etiology. 
A chronic course of disease with short timed relapses is characteristic 
of amoebic dysentery. Such was the first case of this disease 
described by Lésch (blood diarrhoea during a fortnight, after which 
the patient left hospital in satisfactory condition ; the last and fatal 
relapse happened after some months.) 

It may appear strange that whilst amoebic dysentery gives such a 
high rate of occurrence, liver abscess is said to be absent. It is 
nevertheless dangerous to speak of complete absence, because the 
statistical data on the occurrence of amoebic liver abscess collected 
by Voliansky in 1898, show that it was found in about 0-3 per cent. 
of autopsies examined in the hospitals of St. Petersburg. According 
to the verbal communications of some Leningrad pathologists, liver 
abscesses are observed at the present time in rare cases and almost 
always in combination with ulcerative processes in the appendix 
and caecum. The nature of these abscesses remains unknown or, 
rather, not investigated. We are convinced that a suitable examina- 
tion would find amongst these cases a considerable percentage of 
true amoebic abscesses. 

The comparative rareness of amoebic liver abscesses in temperate 
countries does not disprove the fact that amoebic dysentery is wide- 
spread. The conception that amoebic liver abscess is a common 
complication of amoebic dysentery arose as the result of observations 
on European patients in the tropics. But according to Cort 
(1928), in Siam, and to Williams, Wildman and Curtis (1929), in 
Haiti, liver abscess occurs very rarely amongst natives, although 
amoebic dysentery is much more widespread among natives than 
among Europeans (according to Cort, amoebic liver abscesses among 
European and native soldiers were found in the proportion of 
95:2: 48). <A priori we cannot exclude the possibility that the 
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cause of the scarceness of these abscesses in temperate countries lies 
in the fact that the population consists largely of native elements. 

Finally, as regards autochthonous cases of amoebic dysentery, 
it must be noted that there were undoubtedly such cases in our 
material. The possibility of these cases in temperate countries in 
general has been established by Wenyon, Dobell and others. As to 
Leningrad, the first case of amoebic dysentery described in the 
literature, the so-called case of Lésch, was a true autochthon case. 
But it is very difficult at the present time to establish the fact that 
amoebic dysentery 1s autochthonous on account of a very much 
developed migration of population. The moving of great numbers 
of people from north to south and vice versa (business voyages, 
travels, visits to southern health resorts and so on), neutralise in this 
respect the differences between the north and the south population. 
It is quite probable that the increase of EF. histolytica infection 
observed at present in the temperate countries may find an explana- 
tion in these facts. 

We shall not try to analyse in detail the relation of other intestinal 
protozoa to acute intestinal diseases, but we think it necessary to 
note one fatal case of balantidiosis. The anamnesis of this patient 
showed a previous contact with pigs. Repeated bacteriological 
examinations of her faeces gave negative results. A protozoological 
examination made on the day of death discovered a great number of 
Balantidium coli. Yhe post mortem diagnosis was of a diphthero- 
necrotic colitis. This case is very important because it clearly 
demonstrates the absolute necessity of not only bactertological but also 
protozoological examination in all the cases of acute intestinal disorders, 


SUMMARY AND CONCLUSIONS 


1. rom July 1st to August 31st, 225 patients lying in the 
Botkin Barracks Hospital, in Leningrad, with various acute intestinal 
diseases were examined, and 110 (49-0 per cent.) were found to 
be infected with various protozoa. 

2. E. histolytica was found in 32 cases (14:2 per cent.) ; in 
13 of these cases (5-8 per cent.), £. histolytica contained red blood 
corpuscles. 
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3. As the majority of cases (173) was examined only once each, 
the real figures of EF. /istolytica infection should be considerably 
increased ; it may be said that about 15 to 20 per cent. of acute aestival 
diarrhoea cases are cases of true amoebic dysentery. 

4. Bacillary dysentery amongst these 225 cases was found 
in 22 cases (9:8 per cent.) and only in one case was it combined with 
amoebic dysentery. 

5. The prevalence of the intestinal protozoa in general, and of 
I. histolytica especially, makes a protozoological examination of all 
acute intestinal disorders absolutely indispensable. 


List or Cases IN WHICH PROTOZOA WERE FOUND. 
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List or Cases IN WHICH ProTrozoA WERE FOUND—continued. 
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| S's Diagnosis x 3 = § 

36 | 264 | Colitis haemor. + +. + 

39 271 + | | 

40 | 296 + 

41 | 298 

312 $9 + 

43 24 | Entero-colitis haem. + - + 

44 54 ” tee + vee 

45 69 ” + eee + 

47 22 + | aes wes 

49 | 226 | + 

50 | 230 | | ewe | 

SI 241 + | | | 

5+ | 299 | | | | 

55 300 | + | | 

56 | 304 os | | | | 

57 307 ” + | | 

58 96 | Dysenteria ia | | | | | + 

61 8 | Colitis acuta ... 

62 9 | | | | + | 

64 17 ” | eee + 

65 21 ” | | | 

66 95 ” + | 

68 110 + | | 

7o | +i +) + + 

71 154 ” ove + | oe + | 

72 162 | 

73 169 + | 

74 181 | + | 

75 247 ” | 4 

77 | 288 ” | + or 

79 | 395 

80 5 | Entero-colit. ac. + + 

81 53 + 

83. | 150 + 

84 | 160 ” + 

85-232 ” + + 

87 | 259 | | 

8g | 270 | + 

go | 279 + 
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List oF Cases IN WHICH PROTOZOA WERE FOUND—continued. 
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10g | 22 Gastritis acuta on + 


REFERENCES 


Cort, E. S. (1928). Amoebiasis of the liver. J]. Amer. Med. Assoc., 90, 2005-2008. 
Votransky (1898). On the question of liver abscesses. St. Petersburg (in Russian). 


Wirttams, L. H., WirpMan, O., and Curtis, L. F. (192g). Amoebiases in Haiti. U.S. Nav. Med. 
Bull., 27, 331-335 (quoted from Trop. Dis. Bull., 26, 868). 


| 
= 
97 40 95 axe ane ued “aa waa 
| 
fore) | 143 | + | eee see | eee | eee | eee eee eee 
| eee 
| | | 
106 ” eee | eee eee eee | eee eee eee ece 
eee 
eee 
eee 
DE 
~ 
as 
Sy 


= 
s 
‘ 


ON THE IDENTIFICATION AND LIFE 
HISTORY OF ECHINOSTOMUM 
RECURVATUM von Linsrow, 1873 


BY 
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PARASITOLOGIST, BILHARZIA RESEARCH SECTION, PUBLIC HEALTH LABORATORIES, CAIRO 
(Received for publication 28 February, 1930) 
PLATE III 


In 1892, Sonsino described Cercaria agilis from Physa alexandrina 
fully, but he failed to observe that it had a crown of spines, and took 
its absence as a distinctive feature. He also saw them encysted in the 
tissues of different snails and made out the crown of spines in the 
encysted ones. Further, he fed rabbits and geese on snails containing 
the cysts, and got a few adult echinostomes after fifteen days. He 
described these adults as Echinostomum recurvatum von Linstow, 
1873, and could distinguish 42 to 44 spines in the crown at the 
cephalic end. 

In making a series of examinations in Bulinus of different species, I 
came across large numbers of these encysted cercariae in the tissues 
of the molluscs, particularly in the branchial tubes. Each cyst is 
spherical and transparent, and measures about Igo in diameter, 
Apart from the genitalia, the larva when brought out of the cyst does 
not show any features more than those of the free cercaria; anda 
crown of 43 to 45 spines can be made out in the free cercaria and the 
encysted ones. These cysts were also met with in a large number of 
different snails free from rediae such as Vivipara, Cleopatra, Planorbis, 
Lenistes and Melania. 

The free cercaria (C. agilis), together with the other larval stages, 
i.e., immature and mature rediae containing free and encysted 
cercaria were found in large numbers in Bulinus contortus, B. dybowski 
and B. innest. 

Repeating the feeding experiments on different animals such as 
dogs, white and wild rats, I found ova in the faeces after an 
interval of seven days, and collected large numbers of the adult 
trematodes after varying intervals from seven days to six months. 
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The trematodes from the different animals varied in_ size 
according to the length of the time they passed in their final hosts. 
They were of the same morphology and had the same number of 
spines as those described by Sonsino, 

The original description of E. recurvatum by von Linstow, 1873, 
was not available, but the type species was kindly lent by the 
authorities of the Berlin Museum. These specimens were identical in 
morphology with the specimens I have obtained from experimental 
animals fed on infected snails and with the type species, Echinostoma 
aegyptiaca, described by Khalil and Abaza (1924). The latter was 
met with in a rat caught in the P.H. Laboratories of Cairo, where 
there had always been a fair number of snails brought for research 
purposes. 

Since the validity of E. aegyptiaca as a new species depends on 
the presence of this echinostomum in a new host (the rat), which 
willingly feeds on snails and can acquire the infection as easily as 
other animals, and since there is a striking morphological identity 
between it and FE. recurvatum von Linstow, 1873, it is suggested 
that the species described by Khalil and Abaza (1924) should not be 
recognised as a distinct one from E. recurvatum 

I am indebted to Professor Khalil for laboratory and library 
facilities and for many valuable hints. 
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EXPLANATION OF PLATE III 


Fig. 1. Shows free Cercaria agilis from Bulinus dybowskt. 


Fig. 2. A redia from the liver of an infected Bulinus, showing 
immature free cercariae and an encysted one. 


Fig. 3. An adult recurvatum from an experimentally infected dog 
one month after the infection. 


All the drawings were made with the Camera Lucida. 
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THE BEHAVIOUR OF INSECT 
FLAGELLATES AND LEISHMANIAS 
IN PHLEBOTOMUS PAPATASII 


BY 
S. ADLER, M.B., Ch.B. 
AND 


O. THEODOR, Ph.D. 


(Department of Parasitology, Microbiological Institute, Hebrew 
University, Jerusalem) 


(Received for publication 13 March, 1930) 


In previous papers (1927 and 1929) the behaviour of various 
strains of Leishmania in P. papatasi infected by feeding on emulsions 
of flagellates in inactivated rabbit blood was described. 

L. tropica from cultures behaved similarly to L. tropica ingested 
from oriental sores. The flagellates multiplied, ascended the cardia 
and pharynx and in a few cases entered the proboscis. 

Of four strains of L. donovani of Mediterranean origin, one 
remained in the stomach, three other strains and two strains of 
L. tarentolae behaved similarly to L. tropica. Two other strains of 
L. donovani from Naples were found to produce a low infection rate 
in P. papatasi, but if the infection was established, the parasites 
ascended to the top of the cardia and attached themselves to the 
rhabdorium. 

Two strains of L. donovani from India attached themselves to 
the rhabdorium in the cardia if ingested in sufficient quantities, but 
the infection tended to die out. 

A strain of L. donovani from China which was abnormal in that 
it attained a maximum size of only 11-2 and was usually devoid of a 
flagellum or showed only a very short flagellum, remained in the 
stomach of P. papatasii even if ingested in doses of 8,000 parasites 
per feed. 

One strain of L. brasiliensis which was abnormally small remained 
in the stomach, and another strain has been found to ascend and 
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attach itself to the rhabdorium near the oesophageal valve if ingested 
in sufficient quantities. 

L. ceramodactylt was found to adopt a typical posterior position 
but the flagellates ascended the cardia, attached themselves to the 
rhabdorium and even entered the pharynx if the infection was very 
heavy. 

The behaviour of L. trvopica and L. ceramodactyli in P. papatasit 
was interpreted as showing a specific host-parasite relationship 
between the insect and the protozoon. The behaviour of the other 
normal strains is interpreted as proving that P. papatasii is not the 
usual vector but they still showed some specific characters in that they 
attached themselves to the rhabdorium of the cardia and entered 
the pharynx and buccal cavity. The specificity is quite definite 
in the case of L. tvopica, for the behaviour of the flagellates is 
independent of the intensity of the infection produced in the sandfly. 
In other cases the specificity was of a lower order for it depended on 
quantitative factors such as the intensity of the infection produced. 
A strain of L. agamae David, tested in our laboratory by Dr. A. David, 
was found to be very irregular in its behaviour. In the majority of 
cases the flagellates confined themselves to the stomach, occasionally 
they descended into the hindgut and very rarely ascended the cardia 
and attached themselves to the rhabdorium. 

There is a close biological relationship between strains which 
behave similarly in P. papatasii. Thus all the strains which tend to 
adopt an anterior position when established in the sandfly are closely 
related serologically ; L. tropica, L. donovam, L. brasiliensis and 
L. tarentolae contain group agglutinins. 

Serologically they can all be readily distinguished from 
L. ceramodactyli and L. agamae and the two latter species have no 
group agglutinins. It is therefore of interest to note the behaviour 
of plant and purely insect flagellates which are biologically and 
serologically distinct from the Leishmanias. The following strains 
presented by Dr. J. G. Thomson were examined. 


(1) Herpetomonas culicidarum (from Culex pipiens). 


In four experiments, 28 sandflies, P. papatasit were fed through 
membranes on emulsions of H. culicidarum varying from 240 to 2,500 
per c.mm. 
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The sandflies were dissected from 2 to 13 days after the feed. 
All were positive and in every one the infection was confined to the 
stomach. 

Six sandflies were re-fed on a human being but the re-feed did 
not influence the course of the infection. Jn vitro fresh human 
blood rapidly destroys H. culictdarum as well as L. tropica, but 
inactivated blood has no effect. As pointed out in a previous paper, 
re-feeding has no effect on the course of L. ¢vopica infections in 
P. papatas. The protection afforded by the midgut of P. papatasti 
against the lytic action of fresh blood is therefore not specific ; 
it depends on the rapid destruction of complement in the midgut and 
is the same for H. culicidarum as for L. tropica. 


(2) Herpetomonas oncopelti (from Oncopeltus fasciatus). 

In five experiments, a total of 35 sandflies, P. papatasii fed on 
emulsions of 600 to 1,200 flagellates per 0-1 c.mm., and were dissected 
from 2 to 13 days after the feed. All were positive. Re-feeding on a 
human being had no influence on the infection. In 18 sandflies, 
in addition to the flagellates in the stomach, round a-flagellar forms 
were seen in the stomach and hindgut. In the hindgut many of these 
forms were attached to the chitinous intima. The round forms 
tended to die out for they were not seen in the later infections. 
There is apparently little multiplication after 4 or 5 days, and the 
later infections were all slight. 


(3) Herpetomonas oncopelti (from Asclepias syriaca). 

In nine experiments, a total of 38 sandflies, fed on emulsions of 
50 to 1,600 flagellates per 0-1 c.mm., and were dissected 2 to 12 days 
after the feed. Of these, 32 were positive. In 12 sandflies there were 
round forms in the stomach and hindgut as in the previous strain. 
Re-feeding had no effect on the infection. The infection became 
progressively smaller. This flagellate only produces slight infections 
in P. papatasi. 

(4) Herpetomonas lygaeorum. 

In four experiments, 27 sandflies fed on emulsions of 300 to 600 
flagellates per 0-I c.mm., and were dissected I to 12 days after the 
feed. Of these, 16 were positive. After 2 or 3 days a-flagellar forms 
were found in the hindgut. This flagellate multiplies very little in 
P. papatasti and produces slight infections. 
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(5) Herpetomonas muscidarum. 


In seven experiments, 86 sandflies fed on emulsions of 250 to 
1,400 flagellates per 0-I c.mm., and were dissected 2 to 14 days later. 
Of these, 59 were positive. P. papatasii is an unsuitable medium for 
this flagellate. The infection diminishes continuously after the 
first few days and no positives were found after 7 days. The 
flagellates occasionally descend into the hindgut where they die. 

In the above five strains there was no tendency to ascend the 
cardia. H. culictdarum behaved as in a culture tube, H. muscidarum 
gradually disappeared. In the case of the three other species there 
were no heavy infections such as those produced by L. tropica, which 
often distends the whole upper part of the midgut by a solid mass of 
flagellates. Round forms appeared in the hindgut but they were 
apparently in an unsuitable medium and died out. 

The development of the four insect flagellates and the plant 
flagellate in an artificial host, P. papatasi1, which is biologically very 
distant from their true host, may be taken as an example of non- 
specific behaviour. 

The behaviour of L. donovant and L. tropica in the bed bug is 
quite different from their respective development in P. argentipes 
and P. papatasit, and also forms a typical example of non-specific 
behaviour. It can be best compared to the case of H. muscidarum 
and P. papatasit, where there is certainly no natural host-parasite 
relationship. 

The above observations support the view that the multiplication 
and behaviour of L. tropica in P. papatasii is no mere accident, but 
points to a host-parasite relationship between the two. 

We have to thank Dr. J. G. Thomson, of the London School of 
Tropical Medicine, for the gift of strains. 
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PLaTEs IV, V 


In a previous paper (1929) one of us (A.) discussed the distribution 
of Leishmaniasis in man and dog. It was pointed out that centres of 
Leishmaniasis, both cutaneous and visceral, were of two types, one 
in which human beings and dogs were infected, and the other in which 
human beings only were infected, dogs rarely or never contracting 
the disease. In the former type of centre, infants under one were 
frequently infected. This curious distribution of Leishmaniasis 
requires investigation. Several explanations were put forward and 
discussed, e.g., in centres of the second type the insect vector may 
not bite dogs at all, or successful transmission of the parasite by the 
insect depends on a factor such as crushing, which is absent in 
dogs or children under twelve months. In centres of the first type 
it is obvious that transmission must be by bite, for dogs and babies 
cannot crush sandflies. 

Before any hypothesis put forward to explain the distribution of 
Leishinaniasis in man and dog can be considered, the relationship 
between human and canine Leishmaniasis must be investigated 
experimentally. Up to the present this has been attempted by 
inoculations of human Leishmaniasis into dogs. It was found that 
strains of human Leishmania even from centres where the disease 
is confined to man, produce a disease in dogs very similar to the 
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one occurring naturally in these animals. This evidence, though 
suggestive, is incomplete and the matter must be settled definitely 
by experiments with canine Lezshmania on man. Working with a 
strain of canine cutaneous Leishmaniasis from Baghdad, we were 
able to produce cutaneous Leishmaniasis in a human being. 


HISTORY OF STRAIN 


The strain was isolated by Mr. McHattie, in September, 1928, in 
Baghdad, from a naturally occurring cutaneous lesion in a dog. 
The strain arrived in Jerusalem in June, 1929, and was maintained 
since on Locke-Serum-Agar. 


EXPERIMENT I. 


22.7.29. Culture material was inoculated into two points on the 
left arm of a volunteer. 

22.7.29. Flagellates from three laboratory bred sandflies, 
Nos. 7106, 7108 and 7112, infected with the same strain by feeding 
through a membrane, were inoculated into two points on the right 
arm of the same volunteer. (The whole of the midgut of all three 
sandflies was inoculated.) 

These three sandflies were chosen from the following experiments : 


EXPERIMENT 454. 


An emulsion in inactivated rabbit blood of culture (ten days old), 
8,000 flagellates per c.mm., 1.e., 800 flagellates per feed of Phlebotomus 
papatasi was used. 

14.7.29. Fourteen females of P. papatasi, laboratory bred, fed 
on this emulsion through a membrane of rabbit skin. 


Result. 


One sandfly, No. 7099, dissected after five days. Cardia and 
stomach infected. 

Two sandflies, Nos. 7100 and 7101, dissected after seven days. 
One sandfly positive in cardia and stomach. 

Eleven sandflies, Nos. 7102 to 7113, dissected after eight days. 
Six sandflies positive in cardia and stomach. 

In most of the sandflies the infection was very heavy, the cardia 
being choked with flagellates. 
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RESULTS OF THE INOCULATION EXPERIMENT 


There was some irritation at the points inoculated with flagellates 
from the sandflies, and two small scaly papules developed. On 
27.8.29 the papules were examined and no L.D. bodies were found. 
They disappeared completely by September, 1929. 

On the site of the inoculations with culture on the left arm, two 
papules were observed at the beginning of September, 1929. 

13.9.29. Scrapings of the papules showed numerous L.D. bodies. 
Cultures on Locke-Serum-Agar were positive. The papules grew and 
by 12.2.30 were about 8 mm. in diameter and irregular in outline 
(Pl. IV, fig. 2.) 

12.2.30. One papule was excised for histological examination. 


EXPERIMENT 2. 


22.7.29. The midguts of two sandflies (Nos. 7102 and 7104, from 
Experiment 454), with a heavy midgut infection, were inoculated into 
two points on the left arm of a volunteer spontaneously cured of an 
experimental infection with L. tropica. This experimental infection 
has been described (1925 and 1926). The experiment with sandflies 
Nos. 7102 and 7104 was performed about eighteen months after 
spontaneous cure. 

Result. Yhere was a local reaction on both points of the inocula- 
tion. Two scaly papules appeared after a few days and remained for 
two weeks. No L.D. bodies were found. Inoculation of living or 
dead culture of L. tropica always produces this reaction in the same 
volunteer. 

The result of Experiment I was contrary to our expectations for a 
number of attempts (previously recorded) to infect human beings 
with cultures of L. tvopica (Palestinian strains) all gave negative 
results, although we had positive results with cultures of Palestinian 
strains which had passed through sandflies (one case, 1927). We 
also had positive results with inoculations of flagellates from naturally 
infected sandflies (three cases, 1925 and 1926) and with inoculations 
of flagellates from laboratory bred sandflies which had fed on oriental 
sores (six cases from P. papatasi1, 1927, and one case from P. sergentt, 


1920). 
We had, therefore, expected Experiment I to give either a 
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negative result on all sites of the inoculation or a positive result on 
the site of the inoculation with the infected sandflies. 

We must bear in mind, however, that the strain used originated 
from Baghdad, and probably was transmitted by P. sergenti, whereas 
our previous conclusions had been based on a study of Palestinian 
strains whose natural vector is P. papatasit. As will be shown later, 
the strain used in Experiment 1 differed in some respects from 
Palestinian strains, but we do not consider these differences to be of 
specific value. 

The result of Experiment 1 proves conclusively that there is a 
cutaneous Leishmaniasis common to man and dog. Leishmania 
tropica is, therefore, a naturally occurring parasite of dogs in Baghdad. 

The relationship between human and canine visceral Leish- 
maniasis still remains to be investigated. 

Cutaneous Leishmaniasis has not yet been found in dogs in 
Palestine, but this is not because the Palestinian strains are non- 
infective for dogs. We succeeded in infecting a dog on both ears 
by cultures of a Palestinian strain of L. tropica and by flagellates of 
the same strain passed through sandflies (P. papatasit). 

The strain originated from a naturally infected sandfly 
(P. papatasi from Jericho), passed through (1) a human being in 
whom it produced a subcutaneous nodule, (2) another human being 
in whom it produced a papule, (3) cultures, (4) a mouse, and 
(5) cultures. 

In order to produce a lesion in a dog with cultures it is necessary 
to employ large quantities ; in the successful experiment we employed 
three tubes of culture on Locke-Serum-Agar. Employing loop-fuls 
of culture we received negative results in two dogs. 


HISTOPATHOLOGY OF THE LESION PRODUCED IN 
EXPERIMENT 1 


The histopathology is in general outlines similar to that of 
naturally occurring oriental sore in man. The lesion consisted of 
an infiltrated area in the Corium. Above the lesion the epidermis 
was atrophied, the rete mucosum being almost entirely destroyed. 
Between a part of the lesion and the atrophied skin there was a 
space (P1. IV, fig. 3, 0) filled with blood-stained fluid containing a large 
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number of free L.D. bodies and a few polymorphs and lymphocytes. 
The lesion contained a mass of macrophages, many of them stuffed 
with L.D. bodies and some lymphocytes and plasma cells. The 
macrophages at the centre of the lesion were much richer in parasites 
than those at the periphery. 


EXPERIMENTS ON MICE 


Parrot and Donatien (1927) showed that cultures of L. tropica 
produce local lesions in mice when inoculated into the tail. We 
adopted the following method. Cultures of L. tropica are injected 
subcutaneously with a syringe into the tail until the upper half 
of the latter is distended. The distended part is then scarified at 
various points. In successful inoculations, lesions rich in L.D. 
bodies appear on all the scarified points. The L.D. bodies found 
in lesions in mice are much bigger than those produced by the same 
strain in man and may be almost as big as a red cell. L.D. bodies 
in large numbers are found eight to ten days after inoculation, but 
they may appear as early as the fifth day. 

Twenty-six mice were inoculated with the dog strain from 
Baghdad. 

Result. Negative during an observation period of six weeks to 
seven months. 

The above result is in marked contrast to that obtained with a 
strain of canine visceral Leishmaniasis from Tunis presented by 
Professor C. Nicolle. 

This strain nearly always produced local lesions in the tail of 
white mice. Out of twenty-four mice, only two did not take the 
infection. The incubation period varied from eight days to seven 
months. As in the case of L. tvopica in mice, the L.D. bodies are 
very large. In the early stages of the infection the lesions are almost 
vesicular and contain a thick white fluid rich in macrophages and 
polymorphs stuffed with L.D. bodies. The polymorphs may be 
present in large numbers in spite of the absence of secondary infection. 
In the later stages the whole affected surface ulcerates and becomes 
covered with crusts (Pl. V, fig. 1). The ulceration may extend 
beyond the tail on to the back of the animal. There is no spontaneous 
cure and the lesions remain till the tail drops off. 
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A strain of Leishmania was isolated from a dog which had been 
infected with visceral Leishmaniasis by inoculation of bone marrow 
from a naturally infected childin Naples. Nine mice were inoculated 
into the tail with cultures of this strain. 

Result. Negative during an observation period of one year. 

Twelve mice were similarly inoculated with cultures of the 
human strain from Naples. 

Result. Negative during an observation period of one year. 

Thus in spite of the fact that naturally occurring visceral 
Leishmaniasis of the dog and the disease induced in dogs by inocula- 
tion from cases of human visceral Leishmaniasis are very similar, 
cultures from the two conditions may behave quite differently in 
mice. 

The non-infectivity of the dog strain of cutaneous Leishmaniasis 
does not distinguish it from human cutaneous Leishmaniasis. 
Cultures of a strain of L. tropica isolated from a human being in 
Baghdad were inoculated into twenty mice with a negative result, 
whereas a strain which originated from a naturally infected 
P. papatasii in Jericho produced infections in mice almost without 
fail. During 1928 and 1929, over fifty mice were successfully 
inoculated from this strain. The lesions last a few months and then 
disappear spontaneously. 

This Palestinian strain of L. tropica and the Tunis strain of 
canine visceral Leishmaniasis produce both visceral and cutaneous 
infections after intraperitoneal inoculation into mice. After intra- 
peritoneal inoculation cutaneous lesions may appear anywhere but 
the neighbourhood of the anus and the vicinity of joints are favourite 
sites (Pl. IV, fig. 1). We have never observed visceral Leishmaniasis 
after inoculation into the tail in spite of the heavy local infection 
which followed. 

The cultures isolated from Experiment 1 were found to be very 
slightly infective for mice. 

15.12.29. Eight mice inoculated. Result negative up to 1.3.30. 

19.1.30. Eight mice inoculated. 

29.1.30. One mouse found positive. A single L.D. body was 

found in a smear. 

24.2.30. The above mouse was negative but three others showed 

a slight infection. The infection rate was therefore 25 per 


> 
i 
ag 
j 
{ 


203 


cent. Thestrain was apparently modified by passing from the 
dog through man. 

The most interesting results were obtained with a strain of South 
American Leishmaniasis presented by Professor E. Brumpt. 

20.11.28. Three mice inoculated from a culture. 

3.12.28. As no lesions appeared a second inoculation was given. 

17.5.29. One mouse died of unknown cause. 

29.1.30. One mouse was found to have ulcers near the root of the 

tail. These were found to contain numerous L.D. bodies. 
As in the case of L. trvopica and canine visceral Leishmaniasis, 
the L.D. bodies were very large. An area of skin on the 
back was partially depilated and was ulcerating in various 
points (Pl. V, fig. 2). The ulcerated parts were found to 
contain L.D. bodies in small numbers. 

It is obvious that parasites from the inoculated site entered the 
blood stream and settled in the skin near the nape of the neck. 
Smears of the liver, spleen and bone marrow were negative. These 
observations indicate that the South American strains can invade 
the blood stream without causing visceral Leishmaniasis and settle at 
a considerable distance from the site of inoculation. 

Previous to this experiment, twelve mice were inoculated with 
this strain with a negative result, but the observation period only 
lasted a few months. 

The behaviour of strains of Leishmania in mice deserves further 
study. The differences in infectivity for mice between the two 
Baghdad strains, Palestinian and Algerian strains may be accidental 
or may be an expression of a constant biological difference. A large 
number of Baghdad strains from man and dog must be examined 
before the matter can be settled. 

We have described the behaviour of various strains of Leishmania 
in mice in order to show that inoculation experiments on animals 
must be interpreted very cautiously. We cannot conclude that the 
two Baghdad strains (human and canine) and the Palestinian strain 
belong to different species because of the differences in infectivity 
for mice just as we cannot conclude without further evidence, that the 
Palestinian strain of L. tropica and the Tunis strain of visceral canine 
Leishmania are identical because they both produce cutaneous 
lesions in mice. 
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Histologically the Leishmanias of mice resemble those of man, 
but there are several points of interest. The parasitised macrophages 
of mice are very amoeboid and frequently send out long thin pseudo- 
podia full of L.D. bodies round and between various tissue cells. 
Thus, in section muscle cells may be seen with long thin strips of 
protoplasm full of L.D. bodies applied to a large part of their 
periphery. Long pseudopodia full of L.D. bodies are often found 
between connective tissue cells. In this way, L.D. bodies are 
deposited in dense masses of fibrous tissue. 


THE BEHAVIOUR OF THE STRAIN OF CUTANEOUS CANINE 
LEISHMANIASIS IN SANDFLIES 


Table I shows that a canine strain from Baghdad behaves similarly 
to L. tropica in P. papatasi, but there is a tendency for the infections 
to die out after nine days and the infection rate is lower than in some 
Palestinian strains which give a 100 per cent. infection rate with the 
concentrations of flagellates used in the above experiments. 

As in L. tropica, the flagellates which ascended the cardia attached 
themselves to the rhabdorium and in many cases the cardia was 
choked with flagellates. Sections of whole sandflies show that 
large numbers of parasites may enter the pharynx. Experiments 
carried out with the same strain after its isolation from the volunteer 
in Experiment I gave rather similar results. 

The results recorded do not distinguish the strain from L. tropica 
for, as shown in a previous paper (1929), a human strain isolated in 
Baghdad showed even a lower infection rate for P. papatasit. 


SUMMARY AND CONCLUSIONS 


A human being was infected with cutaneous Leishmaniasis from 
a culture from a naturally occurring oriental sore of a dog from 
Baghdad. 

It is, therefore, proved that there is a cutaneous Leishmaniasis 
common to man and dog and that Leishmania tropica is a naturally 
occurring parasite of the dog. 

Strains of L. tropica vary in their infectivity for mice. 

A human and a canine strain of L. tropica were found to be 
non-infective for mice, 
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I, 
| | 
| Number | | 
Date Age of Number Total Days Number 
of of parasites of / number after of Remarks 
experi- culture per _ sandflies positive fed sandflies 
ment ‘days) average fed | examined 
| feed 
14.7.29 10 100 14 8 5 I Cardia and stomach infected. 
7 2 One positive in cardia and stomach. 
8 11 Six positive in cardia and stomach. 
25.9.29 , 300 7 2 6 5 All negative. 
7 2 Both positive in cardia and stomach. 
| | 
26.9.29 8 700 12 3 3 I Negative. 
5 3 Negative. 
| 6 i Negative. 
| 
| 8 4 rhree positive in cardia and stomach. 
| 
| 
9 I Negative. 
10 2 | Negative. 
1.10.29 | 6 | 1,300 | 26 14 3 I Positive in stomach only. 
4 8 Four positive, in two cardia and stomach 
intected, in two the stomach only. 
s 13 Eight positive in cardia and stomach. 
6 I Positive in cardia and stomach. 
7 I | Negative. 
19 2 | Negative. 
| | 
2.10.29 7 1,600 17 7 3 2 Both positive. Many flagellates in 
stomach and few in cardia. 
| | 4 4 One positive in stomach and cardia. 
| 5 I Negative. 
| 8 3 _ Two positive, one in cardia and stomach, 
| one in stomach only. 
| 9 2 Two positive in cardia and stomach. 
12 I | Negative. 


| | | 13 4 |N egative. 
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Cultures from a human lesion produced by a canine strain of 
L. tropica were found to be slightly infective for mice. 

Cultures of a Palestinian strain of L. tropica and a Tunis strain of 
canine visceral Leishmania were found to produce cutaneous lesions 
in mice after inoculation into the tail and visceral and cutaneous 
lesions after intraperitoneal inoculation. 

The histopathology of a cutaneous lesion in man produced by 
cultures of a canine strain of L. tropica was studied. 

The behaviour of the canine strain of L. tropica in sandflies was 
studied. 
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EXPLANATION OF PLATE IV 


Fig. 1. Mouse infected with L. tropica. Ulcers round the anus and 
swellings round the joints, eight months after intra- 
peritoneal injection. 


Fig. 2. Papules in a human being produced by inoculating culture 
of a canine strain of L. tropica. Natural size. 


Fig. 3. Section through one of the papules shown in Fig. 2. 
Magnification x 30. (a) Infiltrated mass in corium ; 
(>) Fluid containing free L.D. bodies between (a) and the 
epidermis. 
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EXPLANATION OF PLATE V 


Fig. 1. Mouse with lesions on the tail, seven months after local 
inoculation of Tunis strain of L. donovam from a dog. 


Fig. 2. Mouse infected locally with L. brasiliensis. Twelve months 
after infection. Note lesions on the tail and the partial 
depilation and ulcers on the back. 
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EXPLANATION OF PLATE V 


Fig. 1. Mouse with lesions on the tail, seven months after local 
inoculation of Tunis strain of L. donovani from a dog. 


Fig. 2. Mouse infected locally with L. brasiliensis. Twelve months 
after infection. Note lesions on the tail and the partial 
depilation and ulcers on the back. 
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SOME ECOLOGICAL NOTES ON 
GLOSSINA NEWSTEADI Auvsten* 


BY 


J. SCHWETZ 


DIRECTOR OF THE LABORATORY 
OF PARASITOLOGY, STANLEYVILLE, 
BELGIAN CONGO 


(Received for publication 31 March, 1930) 


WitTH Map 


In June, 1928, I visited for the first time the lower reaches of the 
Lomami River, from its confluence with the Congo River at Isangi, as 
far as Obenge (see map), a distance of about 300 kilometres. Both 
on the up-river and the down-river journey, G. palpalis were captured 
in more or less large numbers, according to the different sections of 
the river, the flies becoming more numerous towards the source. 

During the various halts, in the evening and sometimes in the 
morning, we caught a few G. fusca and G. tabaniformis. It may 
here be stated that in the whole district of Stanleyville (equatorial 
forests), G. fusca and G. tabaniformis are to be found everywhere in 
small numbers: this is in direct contrast with my experience in the 
many other districts in Tropical Africa I visited previously, in which 
these two flies are found in well defined and clearly separated areas. 

On reaching the mouth of the small River Elipa, | explored it in a 
canoe for about five kilometres, between 6 a.m. and g a.m., and 
captured fifteen tsetse flies, of which eight were G. palpalis and one 
was G. tabaniformis. Even at the moment of their capture, the 
remaining six flies attracted my attention by their appearance. 
They greatly resembled G. pallicera, but a superficial examination 
was sufficient to show that my flies were slightly larger and paler 
than true G. pallicera. 

A few days later I explored by canoe another tributary of the 
Lomami, the Lobaye. I travelled sixty miles; four days were 
taken in the up-river and two in the down-river journey. Numerous 
G. palpalis were captured. Three G. fusca and two G. tabaniformis 


*Translated from the French. 
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were taken in the evening at various places where we stopped. 
As we travelled in several canoes, [ was unable to examine the 
captured flies except at the stopping places, so that I knew neither 
the place nor the time of capture of the individual flies. I shall 
therefore limit myself to the statement that among the tsetse flies 
caught on the Lobaye I found nine specimens (4 dé and 5 29 
belonging to the same species as that caught on the River Elipa, that 
is, the species resembling G. pallicera. 

Later, on carefully re-examining the whole collection of flies 
captured during the voyage on the Lower Lomami, I again found two 
specimens of this same species, taken slightly above Litoko. 

Major E. E. Austen, the well-known authority on Glossina of the 
British Museum, to whom I sent several specimens of this particular 
species, informed me that they belonged to a new species of the 
G. palpalis group. He later described it under the name G. newsteadi, 
Austen. 

I had previously formed the opinion that G. newsteadi1 was 
confined exclusively to the Lower Lomami and particularly to certain 
of its tributaries, but on examining a small collection of tsetse flies 
from the River Aruwimi, taken by Dr. Franconi, between Hanalia 
and Yambuya, in May, 1929, I found eleven G. palpalis and two 
G. newsteadt. 

As I was dealing with a new and probably quite local species, 
I wished not only to procure new material but also to study the 
particular habits of this tsetse and the area frequented by it. I 
therefore decided to return to the Lower Lomami at the first 
opportunity. This I have been able to do and I have just spent a 
month on this work (October, 1929). It will be seen that 
unfortunately the result of my recent researches is disappointing, 
probably owing to the fact that my journey was made in the bad 
season. The month of October was very wet and for two-thirds of the 
time the rain kept me in my tent or under cover. The banks of the 
Lomami and of those of its tributaries visited by me were flooded ; 
it was, therefore, useless to look for pupae, even of G. palpalis which, 
in normal conditions are easily found. In view of the fact that I am 
studying a new and quite unknown species, and that it is likely that I 
shall not return to the district for a long time, I think that my 
preliminary observations will be of some interest. 
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In June, 1928, I explored the River Lomami by steamer as far as 
Obenge, and the River Lobaye by canoe. I have mentioned above 
the tsetse material I found, and that at the mouth of the small river, 
Elipa (at Yabena), I had found a considerable number of G. newsteadt. 
I therefore wished to examine it more carefully. But as the Lower 
Lomami has several small tributaries which are navigable by canoes, 
I decided to study them also. This I did in October, 1929. 

These small rivers are :-— 

1. The Loha, between Mokombe and Yahisuli; about 
70 kilometres. 
2. The Lokilo, between Yambale and Irema; about 30 


kilometres. 

3. The Lombo, between Yemaka and Opala; about 35 
kilometres. 

4. The Elpa, between Elipa and Yabena; about 30 
kilometres. 


On the first three rivers, I found G. palpalis and a few G. fusca, 
G. tabaniformis, but not asingle G. newsteadi. On the Elipa, however, 
I not only captured a certain number of G. newsteadi, but I was able 
to make some ethological observations on this fly. 

A curious fact is that in October, 1929, I found, in general, 
fewer tsetse flies than in June, 1928. This was particularly noticeable 
at the mouth of the River Elipa, which I had examined at these two 
different dates. The natives of the river banks, especially the 
paddlers of my canoes, assured me that at flood-time, that is in the 
rainy season, tsetse flies are much rarer than when the water is low. 
In the non-equatorial regions, the contrary is more usual, but in the 
district under discussion, which lies between 1° N. and 2° S., it appears 
that the flooding of the river either diminishes the number of the 
flies or causes them to leave the river banks. 

On account of the heavy rains, I was able to work for five days 
only out of the ten I spent on the Elipa. In the upper reaches of the 
river, tsetse flies were extremely rare, G. palpalis only being found, 
whilst in the lower reaches, towards its confluence with the Lomami, 
they were less rare and more varied. It must be here noted that the 
river vegetation has no influence on this difference in numbers and 
species, as the whole district, whether along or between the rivers, 
is covered with uninterrupted equatorial forest. 


ly 
4 
j 
~ 
3 


215 


Among the eighty-two flies captured on the Elipa and on the 
banks of the Lomami near the mouth of the former, at Yabema, 
were the following :— 

(1) 44 G. palpalis, 273,172 = 53°5 percent. 
(2) 8G. fusca, 23, 69 = 
(3) 5 G. tabaniformis, 43, 19 6 
(4) 25 G. newsteadi, 103,152 = 30°55 _,, 

It may, therefore, be seen that of the four species of Glossina 
captured between the Elipa and Yabena, G. newsteadi is the second 
most numerous and is in the proportion of 57 per cent. to G. palpalis. 
I must, however, state that this calculation is purely arbitrary, since 
it depends on the time and place of capture. The following observa- 
tions will prove this fact :— 

1. We left Elipa at 9 a.m., and we travelled until I p.m. 
(20 kms.). Following on heavy night rains, the morning was very 
cool, and the sun did not appear until Io p.m. We saw very few 
Glossina in the canoe. On this journey we captured ten flies 
altogether, of which eight were G. palpalis and two G. newsteadi, the 
latter being caught between g a.m. and 10 a.m. 

We pitched our camp in the forest on the bank of the river. 
No tsetse were seen during the afternoon, which was overcast and 
cool, but after sunset one G. tabaniformis and two G. newsteadi were 
taken near the camp and at a certain distance from the river. At 
7.30 p.m., well after nightfall, one G. fusca was caught near the camp. 

2. On the next day we started at 7 a.m. and reached the mouth 
of the Elipa at 9 a.m. The sky was much overcast and it was very 
cool. Only four tsetse were captured—one G. palpalis and three 
G. newstead. 

3. We paddled four miles up the Elipa, starting at 3 p.m. 
Between 3 p.m. and 5 p.m. we caught five G. palpalis. On the 
way back, after 5 p.m., we took two G. newsteadi. The same evening 
my hunter brought me three tsetse caught in the forest before 
sunset—one G. fusca, one G. tabaniformis, and one G. newsteadt. 

4. Thenext day we made the same journey up the Elipa, between 
g a.m. and mid-day. The day was rather warm. We captured 
five G. palpalis but no other tsetse flies. At 2 p.m. my ‘ fly-boys’ 
went along a path on the bank of the Lomami, and at 3 p.m. they 
brought back five G. palpalis and one G. newsteadi. They repeated 
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this expedition at about 6 p.m. (sunset), and brought back one 
G. fusca and one G. newsteadt. 

5. The following day we walked between 2 p.m. and 3 p.m., along 
the Lomami, opposite the confluence of the Elipa. We captured 
six G. palpalis and one G. fusca. But at about 6 p.m. (sunset), two 
G. palpalis and four G. newsteadi were caught on the bank of the 
Lomami, not far from the mouth of the Elipa. 


SUMMARY OF OBSERVATIONS 


From the above observations it would appear that from the 
ecological point of view, G. newsteadi occupies an intermediary 
place between the G. palpalis group and the G. fusca group, whilst 
if G. newsteadi occurs normally with G. palpalis on the banks of 
the rivers, it is also found with G. fusca and G. tabantformis, at a 
distance from water. And although sometimes G. newsteadi is 
captured in broad daylight, it is active chiefly in the morning and the 
evening, which also makes it akin to the G. fusca group. 

On the other hand, although from a morphological point of view, 
G. newsteadt belongs to the G. palpalis group, it is distinguished from 
most species in this group by its greater size and by its lighter colour, 
which allies it to the G. fusca group.* 

We therefore see that the biological, or at any rate, the ecological 
differences correspond to the morphological ones. 

I am unable to give any details on the feeding habits of this new 
species, as I was never bitten by any tsetse fly on the Elipa. 
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*The author has requested the Editors to add the following communication from Major 
E. E. Austen, D.S.O.:—‘‘ In pinned specimens, at any rate, no such difference is apparent. The 
museum examples of G. newsteadi are just as dark as those of G. caliginea, and darker than those of 
G. pallicera. Moreover there is certainly no constant difference in size. (8.1.30.) ” 


ff 
| 


CONTRIBUTION A L’ETUDE DES 
TRYPANOSOMIASES DES SUIDES 


PAR 
J. SCHWETZ 


PROFESSEUR AGREGE A L’UNIVERSITE DE BRUXELLES. 
DIRECTEUR DE LABORATOIRE AU CONGO BELGE. 


PiaTEs VI, VII 
(Received for publication 7 April, 1930) 


INTRODUCTION 


De toutes les trypanosomiases animales, celles des suidés sont 
certainement les moins bien connues. Certaines espéces de trypano- 
somes furent trouvées naturellement chez les cochons sauvages et 
domestiques ; la pathogénicité d’autres trypanosomes pour les 
cochons fut prouvée expérimentalement. 

1. Tyr. bruce: fut trouvé tres pathogéne pour les cochons par 
des expériences de transmission. Autant que nous sachions par la 
littérature se trouvant a notre disposition, ce trypanosome n’a 
jamais été trouvé chez le cochon en infection naturelle. Mais Ty. suis, 
trouvé chez le pore et chez le phacochére dans |’Est africain, est plus 
que probablement une variété, ou méme une synonymie, de Ty. brucet. 

2. Le trypanosome le plus commun des suidés, aussi bien 
domestiques que sauvages, est certes 77. congolense. Sa patho- 
génicité est variable suivant les souches et méme, peut-étre, suivant 
les variétés de ce groupe de trypanosome. 

3. En 1914, Bruce et collaborateurs, ont trouvé et décrit une 
nouvelle espece de trypanosome, trés pathogéne pour le porc: 
Tr. simiae. Ce trypanosome affecte le singe, les ovidés, les capridés 
et les suidés, mais non pas les bovidés. [1 fut également trouvé, 
dans le Nyassaland, chez le phacochére. Ce qui caractérise 
biologiquement Ty. stmiae, c’est son extreme virulence pour le singe 
et pour le porc. 

S’il n’est pas difficile de distinguer Tv. bruce: de Tr. congolense, 
la détermination de Tr. simiae n’est pas bien aisée. D’aprés Bruce et 
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(= Tr. congolense). Mais il s’en distingue par sa plus grande taille 
(18 de long, en moyenne, au lieu de 14 chez Tr. congolense). Comme 
c’est surtout l’absence d’un flagelle libre qui caractérise le groupe 
congolense, voici ce que disent a ce sujet les auteurs précités con- 
cernant Ty. simiae ; 

‘Tl est difficile de dire si cette espece a un flagelle libre ou non. 
Dans des préparations soigneusement colorées et avec un bon 
éclairage, il semble que dans la plupart des cas la membrane ondulante 
s’étend jusqu’au bout du flagelle. Toutefois, dans la plupart des 
préparations, les derniers deux ou trois microns du flagelle semblent 
étre souvent libres.’ 

Nous ajouterons que, d’aprés Hornby, il est possible que Ty. stmiae 
n’est qu’une ‘ race’ de 77. congolense. 

En ce qui concerne le Congo Belge les suidés ne figurent, pour 
ainsi dire, pas dans les nombreux et intéressants travaux de Dutton 
et Todd, de Broden et de Rhodain sur les trypanosomiases animales 
de ce vaste pays. Toutefois, parmi les animaux domestiques 
d’ Elisabethville (Katanga), examinés par Rodhain et collaborateurs 
en I9I2, 7 porcs sur 11 furent trouvés infectés de Ty. congolense. 

En 1917, Greggio signale une forte infection a Tv. congolense des 
porcs indigénes de la vallée de I’Inkissi (Bas-Congo). I] ajoute que 
cette trypanosomiase semble étre tres peu pathogene. 

4. En 1922, Walravens trouve au Katanga un trypanosome 
tres pathogéne pour le porc et qu’il décrit sous le nom de Ty. rodhaini. 
I] s’agit d’un trypanosome monomorphe, long et mince, avec une 
membrane ondulante peu prononcée, avec un_ blépharoplaste 
marginal et un flagelle libre. Outre le porc, ce n’est que le singe 
(cercopitheque) qui s’est montré réceptif a ce trypanosome. Le 
cobaye, le lapin et le boeuf sont réfractaires. 

Nous ajouterons que Hornby signale avoir trouvé chez le porc 
un trypanosome qui lui semble étre le méme que celui décrit par 
Walravens et qu'il a identifié avec Tv. untforme. D’autre part, 
nous trouvons dans le traité de C. M. Wenyon (p. 1560) la remarque 
suivante concernant le trypanosome trouvé par Walravens : 

‘Walravens a donné le nom de Ty. rodhaini a un trypanosome 
trouvé dans le cochon au Congo Belge. Il ressemble a Ty. vivax 
par son flagelle libre mais il s’en distingue par ses mouvements moins 
actifs et par son corps étroit. Comme les mensurations ne sont pas 
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indiquées, il est évident que de nouvelles investigations sont néces- 
saires avant de pouvoir accepter la validité de cette espéce.’ 

Depuis lors Walravens a donné les mensurations de son trypan- 
osome. Nous y reviendrons plus loin. Mais avant cela nous 
voulons passer au sujet principal de cette étude, a nos observations 
et constatations personnelles. 

En parlant de la trypanosomiase en Afrique, on ne peut passer 
sous silence sa cause principale—les tsétsé. D’autre part, il serait 
déplacé d’entrer ici dans de longues considérations a ce sujet. 
Nous nous bornerons donc a quelques renseignements et remarques 
qui concernent directement notre sujet. 

On connait le role des glossinés dans la transmission de Ty. con- 
golense et de Ty. vivax. Bruce et collaborateurs incriminent 
Gl. morsitans dans la transmission de 77. simiae. Pres d’Elisabeth- 
ville, ot Walravens a trouvé Ty. rohdaini, il n’existe actuellement 
plus de tsétsé: ni Gl. morsitans, qui y existaient précédemment, ni 
Gl. palpalis. 

En ce qui concerne les environs de Stanleyville, il s’agit de la 
forét équatoriale ot il n’existe pas de Gl. morsitans. Nous y avons 
par contre trouvé trois autres especes: Gl. palpalis, Gl. fusca et 
Gl. tabamformis. Mais toutes ces trois especes sont si rares dans 
les environs plus ou moins immédiats de Stanleyville, et partant 
autour des quelques fermes, que les poussées de trypanosomiase chez 
les bovidés que nous avons pu observer dans plusieurs troupeaux, 
sont difficilement explicables sans l’admission du réle transmetteur 
des autres mouches hématophages. [1 en est probablement de méme 
en ce qui concerne la trypanosomiase des cochons. 

A Ibembo (Uélé), on trouve les mémes trois especes de glossines 
qu’a Stanleyville. 

Ici, dans cette étude, nous ne nous occupons que des trypano- 
somiases des suidés. Nous nous bornerons par conséquent a une 
simple énumération des espéces de trypanosomes trouvées chez les 
bovidés et les ovidés de Stanleyville et de l’Uéle. 


BovVIDES. 


Tr. congolense (le plus fréquent). 
Tr. uniforme (moins fréquent). 
Tr. vivax (assez rare). 

Tr. brucei ? Peut-étre. 
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OVIDES. 


. Tr. congolense (le plus fréquent). 
Tr. vivax (assez fréquent). 

Tr. brucei (rarissimes). 

. Tr. untforme ? Peut-étre. 


Observations personnelles sur les trypanosomiases des suidés de Stanleyville et de quelques autres 
localités de la Province Orientale du .Congo Belge. 


| 
Localité et Nombre de Nombre Espéce 
No. d’ordre nom des cochons | de de Observations 
troupeaux examinés trypanosés| trypanosome 
A. Stanleyviljle 
| 
(1) Ile Barmann or 7 I Tr. congolense 
et bronchiale 
(3) Km io... IO — Idem 
(4) Mission catholique 65 | i ? 
(5) Tshopo.... ? 6 ? 
(6) Mathot ... ... 76 
Total 
B. Ponthierville 8 
C. Uélé: 
(1) Niangara ... 39 
(2) Ibembo ... 40 
Total 87 
Et |en plus: cochons sajuvages (rouges) 
(1) Environs de 3 
|  Stanleyville 
(2) Bas-Lomami ss 3 I Tr. congolense 
: Le tableau tel quel semble évidemment bien étrange. Non 


seulement 4 part deux rubriques, il ne spécifie pas l’espéce de trypan- 
osome trouvé, mais il n’indique méme pas le nombre exact des bétes 
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trouvées infectées. Mais on va voir pourquoi nous n’avons pu 
donner un tableau plus précis des trois grands troupeaux de suidés 
de Stanleyville et de celui d’I[bembo. 


I. IBEMBO (Uélé) 


1.—En 1928, nous avons recu du Docteur Henneaux d’Ibembo 
(Uélé) un frottis de sang coloré et provenant d’un cochon de cette 
localité. Les frottis avaient l’air d’une culture de trypanosomes. 
Malgré les tres nombreux trypanosomes en division et la mauvaise 
coloration du frottis, on pouvait voir qu'il s’agissait d’un trypan- 
osome spécial: long et mince avec un petit flagelle libre et le 
blépharoplaste plutot latéral. Bref, ce trypanosome nous rappelait 
celui trouvé par Walravens chez quelques cochons du Katanga 
(Elisabethville) et décrit par lui sous le nom de Ty. rodhaint. 

Nous demandions donc au Docteur Henneaux de nous envoyer 
du nouveau matériel en bon état et, si possible, un cochon infecté 
vivant. Il nous fut d’abord répondu qu’on ne trouvait plus de 
trypanosomes chez les cochons en question, ceux-ci ayant recu 
entretemps des injections d’atoxyl (? !). Plus tard, nous regimes un 
petit cochon vivant, mais durant deux mois nous n’avons jamais 
rien trouvé dans son sang. Notre collaborateur, le vétérinaire 
Storck, fut alors chargé de se rendre a Ibembo pour examiner les 
cochons et pour apporter du matériel. Mais aucun des cochons 
(au nombre de 40) ne fut trouvé trypanosé a l’examen de leur sang a 
frais. Les gouttes épaisses et les frottis étalés, examinés ensuite 
au Laboratoire de Stanleyville, furent également trouvés compléte- 
ment négatifs. N’empeche que de plusieurs frottis envoyés peu 
apres par le Docteur Henneaux, et provenant de plusieurs cochons 
du méme troupeau, ceux de deux cochons furent trouvés positifs. 
Les trypanosomes de ces deux porcs sont reproduits dans la figure II : 
A et B. On constatera, en examinant cette double figure, qu'il 
ne s’agit pas tout a fait du méme trypanosome. Tandis que dans 
‘B’ de la figure il s’agit d’un trypanosome monomorphe, il s’agit 
d’un trypanosome polymorphe, ou d’une infection mixte, dans ‘A’ 
de la méme figure. 

Nous y reviendrons tout a l’heure, aprés avoir exposé la situation 
plutét bizarre de la trypanosomiase des cochons de Stanleyville. 
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II. STANLEYVILLE 


A notre arrivée a Stanleyville en 1927, il y avait deux grands 
troupeaux de cochons: a la mission catholique et a la ferme de la 
Tshopo. Les bétes de ces deux troupeaux se portant bien, nous 
ne les avons pas examinées. Par contre, les cochons de la ferme de 
la Kibibi et de celle du Km to dépérissaient. Nous n’avons pas 
trouvé de trypanosomes chez ces bétes. La cause de leur dépéris- 
sement était une forte verminose (strongyles) intestinale et méme 
bronchiale. 

Au début de 1928, un colon installe, sur une petite ile du Fleuve 
Congo, tout pres de Stanleyville, un troupeau de petit bétail : 
chévres, moutons et cochons. Une forte mortalité s’étant déclarée 
parmi ces derniers, nous examinons, en juin, les sept cochons restants. 
Un seul est trouvé atteint de Ty. congolense (typique). Nous le 
gardons en observation pendant une huitaine de jours. Les trypan- 
osomes sont tantdt bien rares et tantdt (suivant les jours) assez 
nombreux. Bien malade au début, le petit cochon semble se 
remettre peu a peu (sans traitement). Il est abattu. 


1. TROUPEAU DE LA MISSION CATHOLIQUE (Fig. ITI). 


Entre le 27 et le 30 mars 1929, deux cochons y meurent presque 
subitement. L’examen du sang du cceur (prélevé post mortem) 
révéle la présence de trypanosomes qui nous semblent a ce moment-la 
appartenir au groupe Congolense. Le 3 juin, on nous apporte au 
Laboratoire un cochon in extremis (cochon No. 3). Son sang 
grouille de trypanosomes dont la plupart sont en division. A frais, 
on constate des mouvements sur place. A l’examen des frottis 
étalés, on voit qu’il s’agit d’un trypanosome spécial, long et mince, 
avec un petit flagelle libre et le blépharoplaste marginal. (Fig. III B) 
Nous injectons avec le sang de ce cochon un mouton et un cobaye. 
(Voir plus loin: Essai de transmission No. I.) 

Nous décidons alors d’examiner tout le troupeau. 

Sur 54 cochons examinés, le 4 juin, nous trouvons un seul trypa- 
nosé. L’animal est abattu. Le seul frottis fut examiné pendant 
notre absence et égaré ensuite. Nous ne pouvons donc pas donner 
de renseignements sur le trypanosome trouve. 

Depuis lors, tout va bien jusqu’au 6 septembre. Mais a cette 
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date-la un cochon meurt de nouveau et nous trouvons dans le sang 
du coeur (post mortem) d’assez nombreux trypanosomes. II s’agit 
d’un trypanosome ‘long et mince’; mais comme le sang a été 
prélevé le lendemain de la mort de Il’animal, les flagellés sont dans 
un mauvais état et il est difficile de dire de quelle espéce de trypan- 
osome il s’agit. Nous décidons alors de réexaminer tout le troupeau. 
Sur 65 cochons examinés, le 11 septembre, nous trouvons deux 
infectés. Chez un d’eux (No. 65) les trypanosomes sont trés 
nombreux (voir figure III a). Les deux animaux sont abattus. 


2. TROUPEAU DE LA FERME DE LA TSHOPO. 


In mai 1929, une assez forte mortalité se déclare parmi les 
cochons de cette ferme. Entre le 18 et le 31 mai, 5 cochons meurent 
presque subitement. A l’autopsie de toutes ces cing bétes nous 
trouvons des trypanosomes dans le sang cardiaque. Dans tous ces 
cas, il s’agit plus ou moins du méme trypanosome spécial dont 
nous avons déja parlé plus haut : long, mince, avec un blépharoplaste 
latéral et un petit flagelle libre. La mensuration d’un certain 
nombre de trypanosomes encore bien conservés donne les chiffres 
moyens suivants : 

(a) Longueur du trypanosome, flagelle non compris, 15 y. 

(6) Longueur du flagelle, 6 y. 

(c) Largeur du trypanosome, 1-6 yw. 

(d) Distance du blépharoplaste a l’extrémité postérieure, 
0.7 

Mais le sang étant prélevé le lendemain de la mort de ces bétes, 
les trypanosomes sont, en général, en mauvais état et difficilement 
déterminables. Quelques trypanosomes trouvés dans le sang du 
coeur d’un de ces cochons de la Tshopo sont reproduits dans la 
figure IIIc. 

Nous tachons, bien entendu, d’obtenir un cochon malade (in vivo), 
mais nous n’y parvenons pas. Le fermier nous déclare que la 
maladie est de trop courte durée. Encore en bon état le matin, 
l’animal cesse de manger l’aprés-midi, se couche le soir et meurt 
dans la nuit. 

Nous décidons alors d’examiner tout le troupeau de cette ferme. 
Les 356 cochons de la Tshopo sont examinés entre le I et le 
Ir juin. Pas une seule béte n’est trouvée trypanosée. 
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Mais des morts quasi subites continuent. Et entre le 11 juin et 
le 28 septembre, 5 autres cochons meurent. Mais chez ces cing bétes 
nous ne trouvons pas de trypanosomes, ni d’ailleurs rien d’autres. 
Pour pouvoir tirer la chose au clair, c’est-a-dire pour pouvoir tomber 
sur notre trypanosome, encore in vivo, nous décidons de réexaminer 
le troupeau. C’est ce que nous faisons en octobre. Mais apres 
avoir réexaminé 173 cochons—et les plus suspects—sans le moindre 
résultat, c’est-a-dire sans avoir trouvé de trypanosomes, nous 
renoncons a examiner les autres, qui se portaient d’ailleurs tous 
tres bien. Mais entre le 28 septembre et le 25 novembre, six autres 
cochons meurent, bien rapidement, comme d’habitude. Nous avons 
la chance de pouvoir examiner une de ces bétes in vivo, bien in 
extremis, mais nous ne trouvons rien chez elle. Quant aux cing 
autres cochons, examinés post mortem, nous n’avons trouvé de 
trypanosomes qu’une seule fois, dans le sang cardiaque. 


3.—TROUPEAU DU COLON M. 


Entretemps, fin 1928, un colon installé a 5 kms de Stanleyville, 
fait venir dans sa ferme un certain nombre de cochons, dont une 
partie de la ferme de la Tshopo. 

Entre le 28 juin et le 13 octobre 1929, 7 cochons meurent de la 
maniére habituelle, c’est a-dire trés rapidement. Tous sont 
autopsiés. Chez trois cochons nous ne trouvons rien; chez les 
quatre autres nous trouvons des trypanosomes dans le sang-suc 
cardiaque. Autant que l’on peut juger, il s’agit toujours de notre 
trypanosome spécial. 

Nous décidons alors d’examiner tout le troupeau de cette ferme. 
Mais sur 76 cochons examinés, le 14 octobre, pas un seul n’est trouvé 
trypanosé ! 

Le 15 décembre, on nous signale un cochon mort et deux malades. 
L’autopsie du mort révele une pneumonie et des trypanosomes 
dans le sang cardiaque. Quant aux deux vivants, nous trouvons 
des trypanosomes chez tous les deux : de nombreux chez un (cochon 
noir) et de rares, chez l’autre (cochon rouge). Le lendemain, 
16 décembre, le cochon noir meurt (fig. IV A). Le cochon rouge 
est tres malade et les trypanosomes sont déja trés nombreux 
(fig. IVs). A frais les trypanosomes ne sortent pas du champ 
microscopique. Nous injectons du sang du cochon rouge: a un 
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petit cochon, a un jeune mouton et a deux cobayes (Voir: Essai de 
transmission No. 2). Il (le cochon rouge) meurt le lendemain, 


le 17 décembre. 
* * * 


A deux reprises nous avons donc réussi, apres tant de difficultés, 
il est vrai, a dénicher notre trypanosome chez des cochons vivants 
et a le transmettre, ou du moins a essayer de la transmettre, a des 
animaux neufs: une fois dans le troupeau de la mission et une 
autre fois dans le troupeau du colon M. 

Voyons a présent le résultat de ces deux essais de transmission : 


Premier essat. Tvoupeau de la Mission. 


Cochon No. 3, in extremis, 3 juin 1929. Nombreux trypano- 
somes (fig. III B). 

Injection de sang a un cobaye et a un mouton. Le cobaye 
reste négatif jusqu’au 10 juillet, soit pendant 37 jours. 

Quant au mouton, les trypanosomes apparaissent dans son 
sang le 20 juin, soit 17 jours apres la transmission, mais ils 
disparaissent bien vite, puisque l’on n’en trouve plus le 24 juin, 
quatre jours plus tard. Et le mouton reste négatif jusqu’au 
10 juillet, date de sa mort de cause inexpliqueée. 

Quant a l’espece du trypanosome trouvé, il s’agit, comme on 
peut le constater par la figure V A, d’un trypanosome du groupe 
Congolense mais tres bizarre (77. montgomeryi ?). A frais, il se 
mouvait sur place. 


Deuxiéme essat. Troupeau du colon M. 

Cochon rouge. In extremis, le 17 décembre 1929. Nombreux 
trypanosomes (fig. IV B). On injecte de son sang a: 
(1) Un petit cochon. 
(2) Un jeune mouton. 


(3) Deux cobayes. 
Tous les quatre animaux sont examinés journellement: a frais, 


en goutte épaisse et en frottis. Et voici le résultat : 

(1) Les deux cobayes restent négatifs jusqu’au 15 janvier 1930, 
soit durant un mois. 

(2) Chez le petit cochon les trypanosomes apparaissent le 4@me 
jour apres la transmission, soit le 21 décembre. A frais, les trypano- 
somes se meuvent sur place. Ils sont relativement rares et on voit 


Préalablement évidemment examinés, au 
point de vue de la trypanosomiase. 
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(dans les gouttes épaisses et dans les frottis) des formes de division. 
Durant cing jours consécutifs (du 21 au 25.12) nous voyons le méme 
trypanosome (fig. IV p et E) qui est toujours plutét rare. Mais 
dans la nuit du 25 au 26 décembre, notre cochon d’expérience meurt 
subitement. Sauf une dégénérescence graisseuse du foie on ne 
trouve rien d’anormal a l’autopsie. Chose bizarre: nous ne 
trouvons pas de trypanosomes dans le sang-suc du coeur (prélevé 
post mortem). 

(3) Chez le mouton, les trypanosomes apparaissent également 
le 4@€me jour apres la transmission: le 21 décembre. Nous 
retrouvons les trypanosomes les quatre jours consécutifs, du 21 au 
25 décembre. Ils sont toujours trés rares, si rares que nous ne les 
trouvons pas a l’examen du sang a frais. A deux reprises seulement 
nous les trouvons dans les frottis étalés (fig. V B et c). Les autres 
jours nous ne les décelons que dans les gouttes épaisses. 

Mais a partir du 26 décembre (et jusqu’au I5 janvier) nous 
n’avons plus trouvé de trypanosomes chez notre mouton. 


DISCUSSION 


Ce qui caractérise cliniquement notre trypanosomiase des 
cochons de Stanleyville (et, d’aprés les renseignements obtenus, 
celle d’Ibembo également), c’est sa faible contagiosité, d’abord, et sa 
grande acuité, ensuite. Notre trypanosome a l’air d’étre extremement 
virulent pour le porc qu’il tue en quelques jours. La marche de la 
maladie est si aigiie qu’il n’existe pas de prodromes. Suraigtie 
et fatale: telle est la définition de cette trypanosomiase porcine. 
Mais, d’autre part, ce trypanosome semble étre peu contagieux, 
puisque dans les troupeaux infectés nous n’avons constate durant 
presque deux années que des cas sporadiques. 

A notre arrivée a Elisabethville, au début de 1925, un grand 
troupeau de porcs d’une ferme voisine (Km 17) venait d’étre 
littéralement décimée par une épidémie trypanosomique. C’est 
justement de la ferme en question que provient le trypanosome 
signalé et décrit par Walravens. A nos premieres constatations de 
cas de trypanosomiase aigiie parmi les cochons de Stanleyville, et 
surtout aprés avoir constaté qu'il s’agissait du méme trypanosome 
qu’a Elisabethville, nous nous attendions a voir une trés forte 
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mortalité. Or, la morbidité et la mortalité sont restées ici tout 
a fait sporadiques. Dans ces conditions, nous n’avons pu essayer 
aucun traitement. 

La trypanosomiase habituelle du porc, provoquée par 77. 
congolense, est caractérisée par sa plus ou moins grande chronicité. 
Nous faisons abstraction de la constatation de Greggio, qui concerne 
le porc indigéne qu'il faut considérer comme une espéce de gibier. 
De méme que les chiens indigenes résistent dans les régions a Gl. 
morsitans, de méme le pore indigéne posseéde une résistance spéciale, 
une accoutumance (dans le cas de Greggio) a la Gl. palpalis et au 
Tr. congolense. Mais méme chez le pore importé, Ty. congolense 
provoque une maladie chronique ou, du moins, sub-aigiie. En ce qui 
concerne les trois autres especes de trypanosomes pathogeénes pour 
le cochon et trouvées chez lui en infection naturelle: Ty. suis = Tr. 
brucei, Tyr. simiae et Tr. rvodhaini, toutes les trois semblent 
provoquer une infection tres aigiie, comme dans les cas constatés 
par nous. A laquelle de ces trois espéces notre trypanosome de 
Stanleyville (et d’Ibembo) appartient-il? Et puis, le trypanosome 
de Walravens décrit par lui sous le nom de Ty. rodhaini est-il 
vraiment une nouvelle espece, biologiquement ou du moins morpho- 
logiquement distincte des autres especes connues, ou s’agit-il d’une 
espece déja connue: par exemple de Ty. uniforme, comme le croit 
Hornby, de Ty. vivax comme le supposait éventuellement Wenyon, 
ou méme de Ty. simiae? C’est ce que nous allons tacher de tirer 
au clair. 

Ty. brucei est trop connu pour devoir s’y arréter. La description 
de Ty. simiae est également connue et la spécificité de ce trypanosome 
semble étre admise. En ce qui concerne 77. rodhaini, nous ne 
nous sommes pas bornés a consulter les quatre notes publices par 
Walravens, mais nous avons demandeé a ce dernier de nous envoyer 
quelques frottis de son trypanosome. Notre distingué confrere et 
ami nous envoya aimablement deux frottis: un de sang de cochon 
et un autre de sang de singe-cercopithéque, infecté avec du sang de 
porc. Nous fimes dessiner les trypanosomes de ces deux frottis 
(fig. r A et E) a laméme échelle que les trypanosomes trouvés par 
nous a Stanleyville (et a Ibembo). Nous avons donc ainsi un 
point de comparaison morphologique trés important. 

Les belles figures dessinées par notre assistante Mademoiselle 
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Droeshaut simplifieront et faciliteront de beaucoup notre tache. 
Elles permettront en outre a d’autres de se faire de visu une idée 
exacte de la question: d’autant plus qu’aux figures nous joignons 
les originaux, c’est-a-dire les frottis ayant servi a dessiner les diverses 
figures. Nos divers trypanosomes (et ceux de Walravens) furent 
dessinés a l’échelle approximative de x 1600. II suffit alors de 
comparer ces figures a celles de Tv. stmiae (x 2000) se trouvant 
dans le travail original de Bruce et collaborateurs et reproduites dans 
le traité de Wenyon. 

Mais avant tout rappelons brievement la description de T7. simiae 
et de Tr. rodhaint, telle qu'elle est donnée par leurs auteurs respectifs : 
Bruce et Walravens. 

I. Tyr. simiae. Corps allongé, étroit, ondulé. Extrémité 
postérieure arrondie ou légérement pointue. §Noyau_ oval. 
Blépharoplaste petit, rond, situé a 1°5 ~ environ de l’extrémité 
postérieure et placé latéralement. Membrane ondulante fortement 
plissée. Flagelle ne dépasse pas fréquemment la membrane ondulante ; 
quelquefois extrémité libre de I ou 2 mu. Longueur moyenne: 
17a18 w. Largeur moyenne: 1°75 w. A frais, mouvements vifs 
sur place: quelques individus traversent le champ microscopique.’ 
(Bruce). 

Il. ‘Tv. rodhaini.—Corps allongé a noyau situé plus pres de 
l’extrémité antérieure que de l’extrémité postérieure. Blépharoplaste 
situé a une trés petite distance de l’extrémité postérieure et toujours 
accolé a la paroi. Membrane ondulante tres légerement accusée. 
Flagelle libre assez long. Toujours monomorphe. Longueur moyenne 
du trypanosome, flagelle compris: 19°8 w. Longueur moyenne du 
flagelle: 7. Largeur du trypanosome: 0°7-0'9 A frais, 
mouvements faibles, sur place.’ (Walravens). 

N.B. Walravens n’a, malheureusement, pas donné une seule 
description complete de son trypanosome. Les renseignements 
ci-dessus furent trouvés par nous dans plusieurs notes successives. 
C’est ainsi que dans une note Walravens situe le noyau dans la 
partie moyenne et dans une autre, plus pres de l’extrémité antérieure. 

Quelle est donc la différence entre ces deux trypanosomes, 
d’aprés la description de leurs auteurs ? 

(1) La largeur qui est de 1°75 uw chez Tr. simiae et de 0'7 a 0'9, 
chez Tr. rodhaint. 


229 


(2) Le flagelle libre qui est de 7 uw chez Tr. rodhaini et seulement 
de I a 2 w, ou méme completement absent, chez Tr. simiae. 

(3) La membrane ondulante qui est fortement plissée dans 
Tr. simiae et peu marquée dans Tyr. rodhaint. 

I] est a noter que dans les deux trypanosomes le blépharoplaste 
est accolé a la paroi, c’est-a-dire qu'il est latéral, ou marginal (comme 
dans le groupe Congolense), et non pas terminal (comme dans le 
groupe Vivax). Et a ce propos nous nous permettons d’exprimer 
notre étonnement du peu d’importance que les auteurs attachent 
a la position du blépharoplaste dont la position latérale est pourtant 
si caractéristique pour le groupe Congolense, non moins caractéristique 
que sa position terminale, dans le groupe Vivax. 

Certes, on peut m’objecter que la position du blépharoplaste 
n’est pas un signe absolu, que quelquefois il est difficile de dire si le 
blépharoplaste est sub-terminal ou sub-latéral. Mais il en est de 
méme avec le flagelle libre dont la présense ou l’absence est pourtant 
considérée comme le seul grand signé distinctif entre le groupe 
Congolense et le groupe Vivax. Certes, dans un vrai 77. vivax 
typique le flagelle libre est long, de méme qu'il est completement 
absent dans un vrai 77. congolense typique. Mais il n’en est pas de 
méme lorsqu’il s’agit 77. uniforme, d'une part, et d’une longue 
forme de Ty. congolense, d’autre part. Chez le premier, le flagelle 
libre est parfois bien court, et chez le second on peut parfois observer 
un vestige de flagelle libre. Dans ces cas la position du blépharo- 
plaste est certes un excellent moyen adjuvant de distinction, ou de 
détermination. 

En somme, morphologiquement, 77. ressemble beaucoup 
a Tv. congolense. Ce qui distingue le premier, ce sont en somme: 
sa taille un peu plus grande (et encore, certaines formes longues 
de Tr. congolense atteignent 18 «), la présence parfois d’un moignon 
de flagelle libre (et encore! cela s’observe souvent dans les longues 
formes de Ty. congolense) et, enfin, la membrane ondulante trés 
plissée. Mais en ce qui concerne la membrane ondulante, elle est 
certainement plus développée ou moins développée, ou plus plissée 
ou moins plissée dans certaines formes de 77. congolense. Les 
figures de ce dernier trypanosome, données par divers auteurs, sont 
vraiment frappantes sous ce rapport. Le 77. congolense de Laveran 
et Mesnil, dont la souche provient du Congo (Léopoldville) a une 
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membrane ondulante trés peu développée. Il en est de méme des 
formes de Ty. congolense que nous avons vues nous-méme dans le 
Katanga et a Stanleyville. Il en est de méme des formes de 77. 
congolense reproduites dans les figures du travail de Curson et pro- 
venant du Zululand. Par contre, les Tv. congolense de Bruce (du 
Nyassaland) ont une membrane ondulante presqu’aussi développée 
et plissée que les trypanosomes polymorphes: Ty. brucet, Tr. 
gambiense, etc. 

Cela pour la morphologie de Ty. stmiae, autant que nous puis- 
sions en juger d’apres les descriptions et les figures des autres (Bruce 
et collaborateurs), ne l’ayant personnellement jamais vu. En ce qui 
concerne ses proprictés biologiques, pour ainsi dire, 77. simzae est 
extrémement pathogene pour le porc et pour le singe. Il est égale- 
ment transmissible aux moutons, mais pas aux petits animaux de 
Laboratoire (cobaye, lapin, etc.) ni méme au boeuf, ce qui le distingue 
de Tr. congolense et de Tr. brucet. 

Au point de vue biologique, 77. rodhaint est également tres 
pathogene pour le pore et pour le singe. Il n’est pas transmissible 
aux petits animaux de Laboratoire. Un seul boeuf d’expérience 
ne s’est pas infecté, d’apres Walravens (ce qui n’est d’ailleurs pas 
suffisant pour conclure). La transmissibilité au mouton n’a_ pas 
été expérimentée. De sorte que sous ce rapport le trypanosome 
décrit par Walravens ne se distingue pas en somme de Ty. simiae. 

Mais au point de vue morphologique, 77. rodhaini semble 
se distinguer des trypanosomes connus, surtout par sa minceur vrai- 
ment extraordinaire. Son blépharoplaste latéral le rapproche de 
Tr. congolense (et de Ty. simazae) ; sa longueur ne dépasse pas en 
somme celle des longues formes de 77. congolense (et de Tr. stmiac) 
mais il est beaucoup plus mince et possede en outre un assez long 
flagelle libre. Ce dernier le rapproche, d’autre part, du groupe Vivax, 
et tout spécialement de 77. uniforme qui a a peu pres la méme 
longueur, mais il est beaucoup plus mince et il a en outre un blépharo- 
plaste latéral. 

Répondant a Hornby qui émettait l’avis que Ty. rodhaini 
n’est autre que 77. uniforme, Walravens objecte le fait que son 
trypanosome ne se deplace pas en fleche, comme ceux du groupe 
Vivax. Mais cette objection n’en est pas une. Ty. uniforme se 
meut sur place et ne sort pas du champ microscopique. Cela a 
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été bien spécifié par Bruce et collaborateurs. Nous l’avons égale- 
ment constaté chez les bovidés de Stanleyville ol Tv. uniforme est 
assez commun. 

Kt puisqu’il ¢tait—ou méme est encore—question d’identifier 
Tr. rodhaint avec Ty. vivax et surtout avec Ty. untforme, disons 
quelques mots de ces deux trypanosomes. 

Nous avons jusqu’a present tres peu de renseignements sur 
la pathogénicité pour le porc des trypanosomes du groupe Vivax, 
Tr. vivax et Tr. untforme.  D’apres Cazalbou, Tyr. cazalboui (=Tr. 
vivax) n’est inoculable ni au singe ni au pore. D’ apres Bouffard, le 
cercopitheque et le porc sont absolument réfractaires au virus de 
la souma cazalbouw = Ty. vivax). Quant a Tyr. uniforme, 
quelques essais de transmission de ce trypanosome furent faits aux 
ovidés et aux capridés (avec un résultat positif) et au singe, chien, 
cobaye, rat et souris (avec un résultat négatif) ; mais aucune ex- 
perience n’a été faite avec le pore. Comme Ty. wniforme ressemble 
beaucoup a 77. vivax, il est plus que probable que, de méme que ce 
dernier, il n’est pas transmissible au pore. Mais encore faut-il le 
prouver. 

Quoiqu’il en soit, 11 résulte des quelques experiences faites que 
Ty. vivax n'est transmissible ni au pore ni au singe et que Ty. untforme 
n'est pas transmissible au singe (ni probablement au pore non plus). 
Biologiquement donc, 77. vivax et Tr. uniforme se distinguent 
radicalement aussi bien de 77. stmiae que de Tr. rodhaint, les deux 
derniers étant pathogénes aussi bien pour le pore que pour le singe. 

Au point de vue morphologique, nous n’avons évidemment pas 
besoin de nous arréter sur Ty. vivax, trypanosome trop connu. 77. 
untforme est par contre beaucoup moins connu, et nous croyons par 
cons¢équent utile de rappeler bien brievement sa description donnée 
par Bruce et collaborateurs et surtout ses signes distinctifs du 
Tr. vivax, sensu stricto. 

‘Les mouvements a frais de Ty. uniforme sont intermédiaires 
entre ceux de Ty. vivax et ceux de Tr. pecorum ( = Tr. congolense), 
c’est-a-dire qu'il se déplace dans le champ microscopique. 

Ty. uniforme a une longueur moyenne de 16 microns (12-19), au 
lieu de la longueur de 23-7 microns (18-31) chez Ty. vivax. 

Largeuy ; 1-5-2-5 microns (2-3 microns, chez Ty. vivax). 

Flagelle libve: 2-6 microns (3 a 6 microns, chez Jr. vivax). 
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Noyau: compact et central (fragmenté et occupant toute la 
largeur, chez Ty. vivax). 

Partie post nucléaire: pas aussi nettement rétrécie que dans 
Tr. vivax. 

Blépharoplaste: rond et terminal (comme dans Ty. vivax), 

Membrane ondulante: étroite et peu plissée (comme dans 77. 
vivax). 

En résumé, 77. uniforme ressemble a Ty. vivax par son aspect 
général, mais il s’en distingue par sa taille un peu plus petite. 

QOu’on veuille a présent comparer les figures I, II, III et IV, 
dont la premiére reproduit 77. vodhaini de Walravens et les trois 
autres, les trypanosomes trouvés par nous chez divers porcs de 
Stanleyville et d’Ibembo. On constatera : 

I. Que le trypanosome de Walravens est en général plus mince 
que ceux trouvés par nous, mais que certains des notres (et notam- 
ment les trypanosomes de la figure 3, B trouvés chez le cochon No. 3 
de la Mission) sont aussi minces que 77. vodhaini et ressemblent 
a tous les points de vue a ce dernier. 

2. Que Tr. rodhaini a pris chez le singe un aspect un peu différent 
de celui qu’il avait chez le cochon: est notamment devenu un peu 
moins mince et un peu moins long et—surtout—son flagelle est 
devenu beaucoup plus court. 

3. Que les trypanosomes trouvés par nous sont un peu differents 
suivant les troupeaux et méme suivant les différents animaux (porcs) 
du méme troupeau. 


CocHONS D’IBEMBO (Figure II). 

Les trypanosomes du cochon B ressemblent a 77. rodhaint, 
mais ils sont un peu moins minces et leur flagelle est en général un 
peu plus court. Mais les trypanosomes du cochon A sont différents 
et méme polymorphes. <A codté de petites formes, courtes et assez 
minces, on voit des trypanosomes longs et assez gros, avec ou sans 
flagelle libre et surtout avec une membrane ondulante bien dé- 
veloppée et bien plissée. Ces trypanosomes ressemblent beaucoup 
plus a Ty. simiae qu’a Tr. rodhaint. 


A ET B. COocHONS DE LA Mission (Figure III). 


Les trypanosomes du cochon B (cochon No. 3) sont quasi identi- 
ques a ceux trouvés par Walravens, tandis que ceux du cochon A 
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(cochon No. 65) ressemblent plutét 4 Ty. simiae. Quelques spécimens 
ressemblent d’ailleurs 4 Ty. congolense. 


C. COCHON DE LA TsHopo (Figure ITT). 


Sang du cceur. Post mortem. Les trypanosomes, tous mono- 
morphes, peuvent étre identifiés avec : 

(a) Tr. rodhaint (quoique plus courts, moins minces et flagelle 
libre trés court). 

(b) Tr. congolense (formes longues avec un moignon de flagelle 
libre). 

(c) Tyr. unforme: blépharoplaste sub-terminal dans la plupart 
des spécimens. 


COCHON DU TROUPEAU M (Figure IV). 


Aussi bien dans ‘ A’ (cochon noir) que dans ‘ B’ (cochon rouge) 
nous avons deux variétés de trypanosomes: avec et sans flagelle 
libre, d’abord, et—les deux—avec et sans membrane ondulante 
plissée. Grosso-modo, les trypanosomes de ‘ B.’ ressemblent a 
Tr. rodhaini, tandis que ceux de ‘A’ ressemblent plutdt, a quelques 
exceptions prés, a 77. sumiae. 

On voit donc qu’en nous placgant uniquement sur le terrain mor- 
phologique, il est tres difficile de déterminer nos trypanosomes des 
cochons de Stanleyville et d’Ibembo. Quoique cliniquement, ou 
épidémiologiquement, il s’agissait d’une maladie identique dans tous 
les cas, agent pathogéne ne semble pas tout a fait le méme dans 
tous ces cas. A moins que l’agent causal ait un aspect variable, 
c’est a dire polymorphe, ou qu'il s’agisse, dans certains cas du moins, 
d’une infection mixte. Dans le sang de nos divers cochons nous 
avons trouvé toute une gamme de transition entre 77. simiae, décrit 
par Bruce, et le trypanosome trouvé et décrit par Walravens, en 
passant par Tr. congolense et méme par Tyr. untforme. 

Devant les difficultés rencontrées par nous dans la détermination 
de nos trypanosomes, nous nous sommes adressés 4 deux grands 
spécialistes : a C. M. Wenyon, de Londres, et a P. J. du Toit, de 
Prétoria. 

A Wenyon, nous avons envoyé trois frottis de sang de cochon : 
un provenant d’Ibembo, un de la Mission et un de la Tshopo. A du 
Toit, nous avons envoyé deux frottis: un de la Mission et un 
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d’Ibembo. Les frottis de la Mission provenaient du cochon No. 3 
(fig. III, B). Nous ne pouvons dire avec exactitude de quel cochon 
d’Ibembo provenaient les frottis envoyés. I] est possible que Wenyon 
et du Toit on recu des frottis de cochons différents. 

Quant au frottis de la Tshopo, envoyé uniquement a Wenyon, 
il s’agissait de sang de cceur, post mortem, probablement fig. III, c, 
ou les trypanosomes ressemblent tant a Tr. uniforme. 

Voici un extrait de la réponse de C. M. Wenyon : 

‘ As regards the films ; “ cochon I to III ’’, I have examined the 
trypanosomes very carefully and am convinced that the infections are 
due to Trypanosoma uniforme. It is highly probable that Walravens’ 
IT. rodhaint was the same species. In my book, p. 560, I suggested 
it might be T. vivax, but it seems probable that it was T. uniforme 
after what you have found. The trypanosome is the same one in 
all your films, the appearance differing from pig to pig owing to the 
fact that dividing forms are more common in some than in others.’ 

La réponse de du Toit est tres peu catégorique : 

‘ The two smears of pig blood containing trypanosomes are indeed 
very interesting and very difficult to give an opinion on. 

‘ The trypanosomes in your smear No. 2, marked “ C [”’ and ob- 
tained from a pig in Ibembo, show, according to our measurements, 
an average length of 16:5 mw. (13-19 w). These trypanosomes agree 
in most characters with 77. svmiae. 

‘ The smear from a pig from the mission de Stanleyville, contains 
trypanosomes which, according to our measurements, vary between 
15 and 21yw. with an average length of 17-2". In many cases there 
appears to be a very short free flagellum, about 2m. in length (0-5,..). 
On this latter point, namely the presence of a free flagellum, | am not 
confident, but should there be a free flagellum we could not call the 
trypanosome T°. congolense. 

‘The trypanosomes in this smear also resemble somewhat 
T. simiae, but it is difficult to decide from one smear whether the 
trypanosomes only belong to this species. 

‘Some of the trypanosomes in this smear correspond fairly 
accurately to T. rvodhaini of Walravens. It seems to me not 
improbable that we have in this smear a mixed infection of two or 
more of the species mentioned above. 

Et voici la remarque finale, bien intéressante, de du Toit : 
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‘I must add to this that I am most reluctant to increase the 
number of names which have been given to species of trypanosomes. 
In many cases the names can be dropped, but there are great diffi- 
culties in regard to some of the trypanosomes, especially those of 
pigs which, as you remark, are very imperfectly known. I certainly 
think that a further study of this subject would be well worth while, 


and would probably throw much light on the confusion which now 
exists in the literature.’ 


* * * 


Si morphologiquement nous ne sommes pas parvenus a déterminer 
avec précision les trypanosomes trouvés dans nos divers troupeaux 
de suidés, les quelques essais de transmission de deux de nos souches 
nous ont donné des résultats bien bizarres. 

QOu’on veuille bien examiner la figure V. 

‘A’ reproduit les trypanosomes trouvés chez un mouton, le 
17éme jour apres lui avoir injecté du sang du cochon ‘ Mission No. 
3’ (figure ITI, B). Qu’est ce que ce bizarre trypanosome? C’est un 
trés gros Ty. congolense qui ressemble singulitrement a 7vypanosoma 
Montgomeryi Provient-il vraiment ducochon ?  C’est peu probable. 
Nous rappellerons que ce n’est qu’une seule fois, le 17@me jour aprés 
la transmission, que nous avons trouvé ce trypanosome. Le mouton 
ayant appartenu a un troupeau infecté de Tr. congolense (et de Tr. 
vivax), il est plus que probable qu'il s’agissait d’une réapparition 
fugace d’une ancienne trypanosomiase de ce mouton. 

‘B’ et ‘C’ représentent les trypanosomes trouvés dans le sang 
d’un mouton, respectivement le 8eme et le geme jour aprés avoir regu 
du sang virulent du ‘ cochon rouge M ’ (fig. [VB). 

‘D’ et ‘E’ représentent les trypanosomes trouvés chez un petit 
cochon, respectivement le 4@me jour et le geme jour apres avoir 
du sang virulent duméme cochon rouge M. Ici, la réussite de la trans- 
mission, aussi bien au cochon qu’au mouton, ne présente donc pas 
le moindre doute. Et quels trypanosomes avons nous trouvé chez 
ces deux bétes de transmission ? Ils n’ont pas l’air de ressembler 
a Ty. simiae, surtout faute de membrane ondulante plissée. Dans 
‘B’ et surtout dans ‘D’, on pourrait hésiter entre 77. uniforme et 
Tr. congolense. Mais dans ‘ C’ et dans‘ E,’ il s’agit de 77. congolense 
(forme longue). Les trypanosomes plus courts, au début, semblent 


AN 
3 
if 
6, 
| 
© 
pee 
° 
we 
Sy 
| 


236 


s’allonger avec la durée de l’infection. La plupart des spécimens 
nont pas de flagelles libres, mais quelques uns en possédent un, trés 
court d’ailleurs, comme dans la souche initiale chez le cochon rouge. 


RESUME 


Nous ne tirons pas de conclusions de notre étude. Nous ne 
mettons pas d’étiquette sur les trypanosomes trouvés chez nos 
cochons. Nous ne créons surtout pas de nouvelles especes. Nous 
avons trouvé des trypanosomes ressemblant aussi bien a 77. simiae 
qu’a Tr. rodhaini et occupant morphologiquement une place inter- 
médiaire entre ces deux ‘ espéces.’ Certains spécimens ressemblaient 
a Tv. umforme. Par les quelques rares essais de transmission 
réussis nous avons obtenu plutdt des 77. congolense. 

Toutes ces constatations sont certes bien bizarres. Et la seule 
conclusion qu’on peut tirer de tout cela, c’est que les trypanosomiases 
des suidés sont encore a classer, de méme qu’il faut reviser, en con- 
firmant ou en infirmant, la spécificité de Ty. simiae, Bruce, et de 
Tr. rodhaint, Walravens. 

Nous soumettons notre matériel et nos considérations a la 
discussion. 

En terminant notre étude, nous devons remercier notre adjoint, 
le vétérinaire Storck, pour le travail de prise de sang et d’examen 
préalable des gouttes épaisses et des frottis. Nous remercions 
notre assistante, Mademoiselle Droeshaut, pour l’exécution des 
belles figures jointes a cette étude et qui ont beaucoup simplifié 
notre tache de description. 

Nous remercions le Docteur Walravens pour nous avoir envoyé 
deux frottis de Tv. rodhaim. Grace a ces frottis, nous avons mieux 
pu interpréter nos divers trypanosomes. 

Nous avons puisé des renseignements précieux dans les Traités 
classiques de du Toit et de Wenyon. Nous remercions ces deux 
savants pour l’amabilité qu’ils eurent d’examiner nos préparations 
et de nous donner leur avis éclairé. 
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PLANCHE VI 
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Figure I. TRYPANOSOMA RODHAINI WALRAVENS. 


A. 
B. 


Sang de cochon. 


Sang de singe. 


Double figure faite d’aprés les frottis envoyés par le Docteur 


Walravens. 


Figure II. TRYPANOSOMES DE COCHONS D’IBEMBO 


A. 


b. 


Figure ITT. 


Trypanosomes trouvés dans un frottis envoyé 
par le Docteur Henneaux. 


Idem. Un autre frottis provenant d’un autre 
cochon. 


Cochon No. 65 de la mission St. Gabriel. 
Cochon No. 3 de la mission St. Gabriel. 


Cochon No. 3 de la Tshopo. Sang du coeur post 
mortem. 
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PLANCHE VII 


LISTE DES FIGURES 


A. Cochon noir de la ferme M. 


B. Cochon rouge de la ferme M. 


EssAIS DE TRANSMISSION. 

A. Sang de mouton, le 17@me jour apres avoir recu 
du sang virulent du cochon ‘No. 3 Mission’ 
(fig. III B). 

B. et C. Sang de mouton, 8eme et geme jour aprés 
avoir recu du sang virulent du ‘ cochon rouge M ’ 
(fig. IV B). 

D. et E. Sang de cochon, 4eme et geme jour aprés 
avoir recu du sang virulent du méme ‘ cochon 
rouge M.’ 
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ON A NEW DACTYLOSOMA OCCURRING 
IN FISH OF VICTORIA NYANZA 


BY 


CECIL A. HOARE, D.Sc 


PROTOZOOLOGIST TO THE WELLCOME BUREAU OF SCIENTIFIC RESEARCH, LONDON 
(Received for publication 8 A pril, 1930) 


INTRODUCTION 


While working at the Human Trypanosomiasis Research Institute, 
Entebbe, Uganda (1927-1929), I had the opportunity of examining a 
number of fish from Lake Victoria, belonging to the genus 
Haplochromis. These small fish, only a few inches long, are known 
locally as ‘ Enkeje.’ They are caught in large numbers by the 
Baganda fishermen, dried in the sun and used as an article of diet. 
The species examined by me for parasites were Haplochromis humilior, 
H. nubilus, H. cinereus, H. serranus and H. sp.* Members of 
all these species, except the first named, were found to be infected 
with a Dactylosoma. 

As is known, the genus Dactylosoma is represented by intracellular 
blood-parasites belonging to the order Coccidiida; its precise 
systematic position has not been definitely established, but it appears 
to be related to both the Haemosporidiidea and the Piroplasmidea. 
Hitherto these parasites have been recorded only for amphibia 
(frogs and newts). Wenyon (1926) believed that the organism found 
by Awerinzew (1914) in Chamaeleon fischert and named Lankesterella 
amania was allied to Dactylosoma and he accordingly changed its 
name to D. amamiae. Dr. Wenyon informs me, however, that he was 
unable to consult Awerinzew’s original publication—which, as far 
as I am aware, is unobtainable in this country—and his conclusions 
were, therefore, based on an abstract of the paper. Through the 
courtesy of Dr. H. Epstein, of Moscow University, I had the 
opportunity of consulting Awerinzew’s work in Russian and was 


* T wish to acknowledge my indebtedness to Mr. J. R. Norman, of the British Museum (Natural 
History) for the identification of these fish. 
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able to confirm Wenyon’s contention that the chameleon parasite 
does not belong to the genus Lankesterella. On the other hand 
there do not appear to be sufficient grounds for referring it to 
Dactylosoma. 

The journal in which Awerinzew’s paper was published being 
inaccessible to English readers, the following free translation of his 
description of the chameleon parasite may be of interest. 

‘1 was able to follow the vegetative multiplication of the haemogregarine 
described with sufficient completeness in blood-films of Chamaeleon fischeri. One 
usually finds in the erythrocyte only one haemogregarine representing a very small 
globule with a sharply stained central body. No membrane was found around the 
parasite. ‘The central sharply-staining body | regard as a nucleus and the thin 
external layer surrounding this body—as the protoplasm. ‘The haemogregarine 
gradually grows and increases in volume, but no sharp differentiation of the nuclear 
and protoplasmatic parts can be observed in it. There is no accumulation of 
pigment or any other alterations in the parasite, nor does it produce any visible 
destructive action upon the erythrocyte. When the haemogregarine reaches a fairly 
large size division of its nucleus leading to the breaking up of the entire organism into 
parts can be observed. ‘The nucleus divides at once into six nuclei. The final stages 
of this division resemble somewhat similar stages in the division of the nucleus of 
Calcituba polymorpha [Foraminifera], described by Schaudinn. From the central 
body to the periphery are given off filaments on the outer ends of which the chromatin 
particles accumulate. Finally, the entire central body disappears, instead of which 
there appear six separate bodies on the periphery of the parasite, after which the 
entire parasite breaks up into six individuals. ... The parasite described by 
me should probably be referred to Lankesterella, 1 propose to name it Lankesterella 
amania.’ 

Awerinzew does not give any measurements of his parasite. From 
his figures it can be estimated that the diameter of the undivided 
parasite is about 1/25 to 1/17 of the long axis of the host-cell, while 
that of the schizont is 1/8. From blood-films of Chamaeleon gracilis 
in my collection I found that the long axis of its erythrocyte measures 
on the average about 20m. Assuming the red-cells of C. fishert 
to be equal in size to those of C. gracilis, the measurements of 
Awerinzew’s parasite would be about 0-8u to 1-2 for the undivided 
stages, and 2:5 for the schizont. It is thus considerably smaller than 
any of the known species of Dactylosoma, including the one described 
here. It also differs from members of this genus in other respects. 
In none of them is the trophozoite spherical with a central nucleus, 
nor is division of the type described by Awerinzew ; moreover, the 
nucleus of Dactylosoma is always sharply differentiated from the 
cytoplasm. It is impossible from Awerinzew’s description and 


figures to assign ‘ L. amamia’ to any known group of haemoprotozoa. 
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Before any conclusion can be arrived at it will have to be 
re-investigated. At present all that can be done is to include this 
parasite among the already numerous intracellular organisms, 
incertae sedis, of unknown—animal or vegetable—affinities. 

The present paper records for the first time a Dactylosoma in fish 
and thus extends the distribution of this genus to a second class of 
cold-blooded animals. 

Owing to the similarity of certain stages of Dactylosoma to other 
haemococcidian parasites, some authors have included them in 
various other genera, such as Haemogregarina, Lankesterella, 
Laverama, etc. The question has been thoroughly discussed by 
Noller (1913), who provided a list of synonyms of the frog-parasite, 
D. ranarum, the only form which has been thoroughly investigated. 


DESCRIPTION 


The total number of fish examined by me was fourteen, of which 
five—belonging to the four species named above—were infected. 

The parasite was studied in blood-films and organ-smears fixed 
with methyl alcohol and stained with Giemsa’s mixture. 

All the stages of asexual development occur in the peripheral 
blood. Erythrocytes exclusively were found to be infected, and 
there was no evidence of the parasites affecting the host-cells in 
any way According to Noller (1913), D. ranarum causes dehaemo- 
globinization of the red cells, while Mathis and Leger (1911) found 
them unaltered. 

The various stages of the parasite observed can easily be arranged 
in the order of their development in the vertebrate host. The 
merozoites that had apparently recently penetrated into the host-cells 
measure 2-8 by 0-gyu (fig. A, I, 2, 3). 

They are slightly larger than merozoites which have evidently just 
been formed and have not yet left the cell in which schizogony 
occurred (fig. B, 24). 

These merozoites or trophozoites, as they may be termed at this 
stage, have the shape of short rods, usually slightly curved. One 
end of the body is somewhat narrower than the other, the nucleus 
being situated at the broader end. At a later stage the trophozoites 
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_ Fic. A. Dactylosoma mariac spM. 1, 2, 3.—Merozoites; 4.—Trophozoite ; 5, 6.—Early 
schizonts ; 7, 8.—Beginning of schizogony : binucleate stage ; 9, 10, 11.—Schizogony : tetranucleate 
stage ; 12-16.—Schizogony : differentiation of merozoites. All x 2000. 
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increase in size, measuring from 3-8 to 5-7u in length, and from 
I-gu to 5-04 in breadth. These forms are probably early schizonts 
(fig. A, 5, 6). 

Schizogony is initiated by the division of the nucleus into two 
parts which become disposed at opposite poles (fig. A, 7, 8). 
Each nucleus then divides into two, the two pairs still retaining their 
polar arrangement (fig. A, 9-13). At this stage the body gradually 
becomes constricted in the middle, while a cleft appears at each pole 
separating the two nuclei. This process represents the differentiation 
of the merozoites corresponding to the four nuclei. As the division 
progresses the schizont loses its bipolar symmetry, the daughter- 
elements becoming more or less radially arranged (fig. A, 13-16). 
When the clefts between them reach the centre, the schizont assumes 
a more or less regular rosette shape, similar to that of some piro- 
plasms, the daughter-forms being piriform with the nucleus at the 
broad distal end (fig. B, 18-20). Finally the connection between 
the merozoites is severed and they come to lie free in the cell 
(fig. B, 21,22). There is no residue after division, the entire substance 
of the schizont being used up in the formation of the merozoites. 
The newly-formed merozoites have the original rosette arrangement, 
but later become scattered within the host-cell, while the body 
becomes elongated as in the young trophozoites (fig. B, 24). 

The regular schizogony described is predominant and apparently 
represents the normal type, but occasionally deviations from this are 
encountered. Thus, a schizont may be fan-shaped with the nuclei 
disposed along the border of the broader side (fig. B, 23); the 
formation of the merozoites may not be synchronised, some 
developing more rapidly than others, and the process being more 
like true budding (fig. B, 17, 20, 24). The early stages of schizogony 
—before rosette formation—measure from 4-7” to in length, 
and from I-gu to 3:8u in breadth. 

Schizogony in this parasite is characterised by the formation of 
four radially arranged merozoites. Neither more nor fewer have been 
observed. It differs from the Dactylosoma of frogs in that the latter 
has two types of schizogony. In one, numerous merozoites are 
produced and are arranged unilaterally, the fully-developed schizont 
having the appearance of a hand, the fingers of which are represented 
by the merozoites (hence the name of the genus). In the second 
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Fic. B. Dactylosoma mariae sp.n._17-20.—Final stages of schizogony : merozoites in rosette 
formation ; 21-22.—Separation of merozoites ; 23.—Double infection of host-cell: (a) schizont 
with unilateral arrangement of nuclei, and (4) a merozoite; 24.—Double infection of host-cell : 
(a) schizont showing unusual form of division : merozoite budding off. (6) Four sister-merozoites 
completely separated ; 25.—Young female gametocyte ; 26-27.—Mature female gametocytes ; 
28.—Young male gametocyte ; 29, 30, 31.—Mature male gametocyte. All x 2000. 
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type a few merozoites only (four to six) are produced, their arrange- 
ment being more or less radial (N6ller, 1913: Dactylosoma ranarum ; 
Dutton, Todd and Tobey, 1907: ‘ Drepanidium’ (= Dactylosoma) 
from Rana galamensis). The second type of division corresponds to 
some extent with the type described here, for the parasite of fish, 
except that in the latter the number of merozoites is constantly four. 
A similar type of schizogony was recently described by Nigrelli (1929) 
in Dactylosoma jahni from a newt, Triturus viridescens. In this 
organism the number of merozoites produced is also four, arranged in 
the form of a rosette. D. jahni, however, differs from the parasite 
described here in that it has also other types of schizogony—one 
in which the merozoites are formed by successive budding, and 
another in which a residual body is left after schizogony. 

The stages described represent the asexual cycle of development of 
the Dactylosoma of the fish. Apart from these there occur 
forms which have been interpreted as gametocytes in other members 
of the genus. These are of two types. In one the body is club- 
shaped and curved in the form of a crescent (fig. B, 29, 30, 31). 
The nucleus lies near the middle of the body and there are a few 
chromatin staining granules (volutin ?) scattered in the cytoplasm. 
These forms measure from 6-6, to 8-5 in length, and from 1-9 to 
3:54 in breadth. In the second type the body is rounded, the 
nucleus is also near the middle of the body, and the dark granules are 
apparently absent. The cytoplasm of this type is more coarsely 
granular than in the preceding form (fig. B, 26, 27). The 
rounded forms measure from 5-74 to 6-64 in length, and from 
3°84 to 5-74 in breadth. In both forms the cytoplasm stains more 
deeply in the asexual stages and contains various minute granular 
inclusions. Another characteristic feature common to the two forms 
described is the presence of one or two small vacuoles, though these 
are occasionally seen in other stages (fig. A, 6). According to 
Noller (1913) these vacuoles appear in fresh preparations of 
D. ranarum as refractile globules and probably represent oil- 
inclusions. The crescent-shaped form resembles the gametocytes 
of various haemosporidia, and it is probable—as interpreted by other 
authors—that the two forms are male and female gametocytes, the 
crescents, according to Ndéller, being the male gametocytes and the 
rounded forms the female ones. The earlier stages of gametocytes 
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differ from the fully developed ones only in smaller dimensions 
(fig. B, 25, 28). 

Nothing is known regarding the intermediate hosts or method of 
transmission of any Dactylosoma. 

Apart from the characters noted already (type of schizogony and 
number of merozoites), the Dactylosoma described here differs from 
other known members of the genus in the dimensions of the various 
stages. The characters of this parasite and its occurrence in a new 
class of host are sufficient to distinguish it as a new species for which 
the name Dactylosoma mariae sp.n., is proposed. 


DIAGNOSIS AND SUMMARY 


Systematic position. Dactylosoma mariae sp.n. (Coccidiida, near 
Piroplasmidea). 

Halitat, Parasitic in erythrocytes of Haplochromis nubilus, 
H. cinereus, H. serranus and H. sp. (Pisces Teleostei). 

Locality Victoria Nyanza, near Entebbe, Uganda. 

Description. Asexual development (schizogony) and formation of 
gametocytes in the peripheral circulation of the host. Merozoites, 
by o-gu; trophozoites, 3:8-5-74 by 1I-9-5-0u; schizogony 
resulting in production of four merozoites arranged in the form of a 
rosette, without residual body. Gametocytes of two types (3 and 9) 
crescent-shaped (6-6-8:-54 by 1-9-3:5m) and rounded (5-7-6-64 by 
3°8-5:7). Intermediate host and sporogony unknown. 
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STUDIES ON THE ACTION OF YELLOW 
FEVER VIRUS IN MICE 
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The study of the etiology of a disease is greatly facilitated by 
the discovery of an experimental animal susceptible to the virus of 
that disease. The finding by the West African Yellow Fever 
Commission of the Rockefeller Foundation (1928) that the Indian 
monkey Macacus rhesus is susceptible to the virus of yellow fever 
has been productive of a great deal of research with fruitful results. 
Rhesus monkeys, however, are rather expensive and at times the 
supply is limited. The finding of a common laboratory animal 
susceptible to the virus of yellow fever would be a great advantage. 

It is generally conceded by all workers that the common 
laboratory animals,—rabbits, guinea-pigs, rats and mice, are not 
susceptible to the virus of yellow fever when injected by the usual 
routes. 

The French workers Lasnet (1929) and Laigret noted in yellow 
fever patients neurological symptoms. Laigret suggested that the 
central nervous system of yellow fever patients should be tested for 
the presence of virus. 

It was decided to test the common laboratory animals by intra- 
cerebral injection. Familiarity with the work of Andervont (1929) 
with herpes virus and mice, and the simplicity of his technique 
suggested mice as the first choice. 


PRELIMINARY EXPERIMENTS 


In the preliminary experiments material from three different 
rhesus monkeys dying of yellow fever was employed. In every case 
mice were injected intracerebrally and in two cases the same material 
was injected intraperitoneally. The results of these experiments 
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Tasre I. 


Mice injected intracerebrally with Yellow Fever Virus from Rhesus Monkeys. 


Preliminary Experiments. 


Number Number 
of Material of Result Remarks Microscopic 
rhesus | injected mice pathology 
I Killed, 8th day. No lesions. No tissues saved. 
2 Ill, roth day. Ether. Brain proved infective | No tissues saved. 
to four mice which all died on 
| 8th and oth days. 
I Brain. 3 Ill, rgth day. Ether. No lesion. No tissues saved. 
4 Found dead, 21st day. No tissues saved. 
Citrated I Ill, 1ith day. | Ether. Brain proved infective | No tissues saved. 
blood. | to two mice, dying on 8th | 
_ and gth days. | 
| | | 
I | Ill, 12th day. _ Ether. Brain proved infective | Encephalitis. 
| | to two mice, both dying on | 
| | 8th day. | 
| 
Brain. 2 Dying, 23rd day. | No tissues saved. 
| 3 Remained well. | . 
| 4 Remained well. | se 
5 Remained well. 
| | | 
| 
I | Died, rst day. | | No tissues saved. 
| 
2 Ill, sth day. | Ether. | Negative. 
3 Ill, 6th day. Ether. Passed to five mice | Negative. 
which all remained well. 
| | 
4 Found dead, 18th day. | ‘ _ No tissues saved. 
| | 
| | 
III Brain. 5 | Ill, 21st day. | Ether. _ Encephalitis. 
6 | Ill, 22nd day. _ Ether. | Encephalitis. 
7 | Found dead, 25th day. - | No tissues saved. 
| 
| 8 Found dead, 25th day. No tissues saved. 
| 
9 _ ‘Til, 25th day. _ Ether. No tissues saved. 
| 10 _ Ill, 30th day. | Ether. No tissues saved. 
| 
| | 
| II Remained well. | 
| 
| 
12 Remained well. 
| 
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are summarized in Table I. The material used consisted of brain 
from one monkey, citrated blood and brain from another, and 
brain from a third All the mice which received an intraperitoneal 
injection remained well and are not included in the table. Of the 
mice which received an intracerebral infection of citrated blood, 
only one survived the injection, as citrate appears to be very toxic 
when injected by this route. Examination of the table shows 
that quite a number of the mice became ill. Furthermore, the virus 
could be propagated in other mice by brain to brain passage. In 
three out of four cases in which this was tried the mice became 
infected and died after an appreciably shorter course of the disease. 
Two of these strains were stopped after the second passage and the 
third died out for some unknown reason in the fourth generation. 

Pathological study was made of brains from five mice, injected 
with virus from the second and third monkeys. Three of these 
brains showed an acute encephalitis and two were normal. It is 
significant that one of these which was negative pathologically was 
also negative on passage to other mice. No brains were preserved 
from mice injected with material from the first monkey. The 
results of these preliminary experiments were sufficiently encouraging 
to warrant a more exhaustive study. The remainder of this article 
is concerned with the work done with a fourth strain established 
in mice. 


ESTABLISHMENT OF THE VIRUS OF YELLOW 
FEVER IN MICE 


I am indebted to Dr. A. W. Sellards for the strain of yellow fever 
virus used in these experiments. This virus originated in Senegal 
and is known as the ‘ French Strain’ in medical literature. 

Six mice were injected intracerebrally with the serum of a monkey 
which was dying from yellow fever. One of these mice was found 
dead the following day. Of the five remaining mice, one was 
definitely ill on the eighth day, one was found dead on the tenth 
day, one was ill on the fourteenth day and two remained well. 
The brain of the mouse which was ill on the fourteenth day proved 
non-infectious for other mice. The mouse which appeared ill on the 
eighth day was killed by means of ether and the brain used for 
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passage of the virus to other mice and for pathological study. 
Microscopical examination showed an encephalitis and the presence 
of eosinophilic intranuclear bodies. Five mice were injected intra- 
cerebrally with a portion of this brain and all were dead or dying 
and were killed from the seventh to the ninth day. The virus has 
since been kept continuously in mice for more than seventy-five 
passages, over a period of fourteen months. 

In this paper, whenever the term ‘virus’ is used, the strain 
established in mice is meant, unless definitely indicated otherwise. 


TECHNIQUE 


The methods employed were simplified as much as_ possible. 
For the preparation of the virus for passage the brain is removed from 
an infected mouse by reflecting the skin over the head, then searing 
the surface of the cranium and opening the skull by means of sterile 
scissors. The brain is removed and cut up into small pieces, saline 
is added, usually about 5 c.c. per brain, and a suspension is made 
by forcibly drawing the brain susbtance in and out of a syringe 
through a rather coarse needle. This suspension is allowed to stand 
for several minutes in order that the larger particles may settle. 
The supernatant fluid is used for injection purposes. Two drops 
of this is the usual dose and 0:5 c.c. is the maximum that can 
be injected intracerebrally with safety. The skin of the head is 
washed with alcohol and the injections are made through the skin 
and bone at the posterior end of the skull, a little to one side of the 
mid-line. After an intracranial injection some mice show great 
excitement, others lie very quiet as if dying. These conditions 
may last for several hours, but the following day the mice appear 
to be perfectly well and remain so until they become ill as a result 
of the infection. Crude as this method is, it is remarkable how 
few secondary infections occur. 


COURSE OF INFECTION 


After the shock due to the injection has passed off the mice 
appear perfectly normal. The first sign of illness is generally a 
roughening of the fur and a loss of activity. The next day the 
mouse is usually very ill remaining in one spot and in many cases 
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showing paralysis of the hind legs. This condition increases until 
death occurs the same day or the next. In the early passages, the 
time of onset of illness until the death of the animal was usually 
two or three days, but sometimes the mouse would linger on in 
a moribund condition for two or three days longer. In the later 
passages the mice usually appeared ill on one day and died later 
the same day or early on the next. It would often occur that all the 
passage mice were perfectly well in the morning and all dead or 
dying in the evening of the same day. 

At autopsy there are no constant macroscopic changes on which 
the diagnosis of infection with the yellow fever virus can be based. 
The only sure means of diagnosis is the examination of sections of 
brain, which invariably show an encephalitis and specific nuclear 
changes. These changes are described in more detail later in this 


paper. 
PASSAGE 


The strain upon which this study is based has been maintained 
continuously in mice since November 8, 1928, and is now at the 
time of writing (January, 1930) in the seventy-fifth passage. In the 
early passages, the virulence increased rather rapidly up to the 
fifth passage when all the mice became ill on the sixth or seventh 
day and died on the seventh or eighth day after injection. After 
that the virulence increased more gradually. At the twentieth passage 
the incubation period was on the average one day shorter and most 
of the mice were dying on the sixth or seventh day. Later still, 
at the thirtieth passage, the incubation period was one day less and 
most of the mice were in a dying condition on the sixth day. Transfer 
was made when the mice were obviously ill or dying. At the time 
of writing the passage mice are usually all dead or dying on the 
fifth day. The average interval between the successive transfers 
in the first twenty-five passages was 6-3 days, in the next twenty-five 
passages 5-7 days, and the third twenty-five passages 5-1 days. 

In the earlier passages, occasionally a mouse injected intra- 
cerebrally with passage virus escaped infection. These all proved 
to be susceptible when given a second injection. It is felt that 
some of these failures were due to poor technique. Later, when the 
technique was well established, no failures occurred. In view of the 
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fact, however, that in the earlier experiments an occasional mouse 
failed to become infected no mouse was considered to have been 
immunized unless it survived two later intracerebral injections of 
passage virus. Up to date, no normal mouse has been found to be 
immune to the established virus and many hundreds have been 
used. After repeated passages the virus became so virulent that 
if the hypodermic needle was merely dipped into the infective brain 
suspension and then thrust into the brain of the mouse, infection 
occurred. 


INTRAOCULAR INJECTION 


On account of the small size of the eyes of mice, it is possible 
to inject only a very small quantity into the Cavities of the eye. 
Furthermore it was found impossible to gauge accurately whether 
the injection was made into the anterior or posterior chambers. 
Mice injected into the eye nearly always died two or three days after 
the control mice injected with the same material into the brain. 
The few that survived did not prove to be immune to a later intra- 
cerebral injection of the virus. Brains of mice infected by the 
-intraocular route present the usual pathological picture. Scarification 
of the cornea and rubbing in of the virus in the few cases in which 
this procedure was adopted did not result in infection or the develop- 
ment of immunity. 


INTRASPINAL INJECTION OF THE VIRUS 


In addition to the intracerebral route mice can be infected by 
injecting the virus intraspinally. This method has the advantage 
that larger quantities can be injected, but has the disadvantage 
that the technique is more difficult and one is never sure that the 
point of the needle is in the spinal canal. Ten mice were injected 
intraspinally ; six died and four remained well. These four were 
later shown to have been immunized when tested by an intra- 
cerebral injection of passage virus. It is possible that in these four 
mice the injection was not made into the spinal canal. As will be 
shown later, an injection of the virus into the muscles of the back 
leads to the development of immunity. The course of the disease 
in the mice which become infected after an intraspinal injection was 
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longer and the time of death later than in the control mice injected 
into the brain with the same virus. The pathological changes in the 
brains of mice infected by an intraspinal injection are the same as 
those found after an intracerebral injection. 


INJECTION OF ADULT MICE INTRAPERITONEALLY 
WITH VIRUS 


Adult mice injected intraperitoneally with massive doses of 
virus as a rule remain well. Of a large number of mice injected in 
this manner, in many experiments, only two died. The brains 
of both of these showed the typical encephalitis. It may be signi- 
ficant that both these brains also showed the presence of a protozoon- 
like organism, which is probably an Encephalitozoon. Intra- 
peritoneal injection of virus leads in about two-thirds of the injected 
animals to the development of an immunity to an intracerebral 
injection of passage virus. The development of immunity is not 
dependent on the amount of virus injected. In one experiment 
three mice were given an intraperitoneal injection of 0-4 c.c. of 
virus and four mice received 0-05 c.c. of the same virus. When 
tested twenty-four days later, only one of the three mice which 
received the 0-4 c.c. was immune, whereas three of the four mice 
which received the smaller injection were immune. 

The action of an immune serum can be demonstrated indirectly 
by intraperitoneal injection. Of six mice which received 0-4 c.c. of 
a mixture containing equal parts of virus and immune human serum, 
none developed an immunity when tested eleven days (three mice) 
and eighteen days (three mice) afterwards. Six mice received 
a similar mixture intraperitoneally except that normal human 
serum was used. One of these died on the seventh day as a result 
of infection with the virus. Of the five survivors, the immunity of 
three was tested on the eighteenth day and two on the forty-fourth 
day. Of those tested on the eighteenth day, one died on the twenty- 
second day and two remained well. Both of those tested on the 
forty-fourth day remained well Thus, none of the mice which 
received the immune serum-virus mixture developed an immunity, 
whereas of the six mice which received the normal serum-virus 
mixture, one became infected and four developed an immunity. 
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OTHER ROUTES OF INJECTION 


All mice injected on various occasions into the skin of the pad 
of the hind foot remained well. When tested by an intracerebral 
injection of passage virus fourteen to twenty-four days after the 
intradermal injection, approximately one-half were found to have 
developed an immunity. Scarification of the skin of the abdomen 
and rubbing in the virus produced an immunity in one out of 
six mice. 

Intramuscular injection (muscles of the back, three mice; 
masseter muscle, two mice) of the virus into five mice did not produce 
any infection and death, but all five mice showed an immunity 
when tested twenty days afterwards. 

Intratesticular injection of the virus into five mice produced 
immunity in three mice. 


LOCALISATION OF THE VIRUS IN MICE DYING AFTER 
AN INTRACEREBRAL INJECTION 


Various experiments were undertaken to determine if the virus 
spread throughout the infected mouse after an intracerebral injection. 
Tissues were removed from infected mice, ground up with saline 
in a mortar, and injected intracerebrally into normal mice. In 
addition to blood, organs thus tested were spleen, liver, kidney, testis 
and adrenal. In every case in which the infectivity of an organ was 
tested, some portion of the nervous system of the same mouse, 
usually the brain, was also tested. Summarizing these experiments 
it may be said that the blood, liver, spleen, kidney and testis of 
a mouse dying after an intracerebral injection contain either very 
little or no virus. Very few of the mice injected with suspensions 
of these organs became ill and died. Several mice which appeared 
ill were etherized and their brains proved to be negative upon 
histological examination. By far the greater majority remained 
well and were later given an immunity test by the injection of 
virulent passage virus. All died within the same range of time as 
the normal controls. 

In marked contrast to the organs above mentioned was the 
adrenal gland. This organ proved to be highly infectious. Thus in 
one experiment five out of six mice became ill and died, or were 
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etherized for pathological study after an intracerebral injection of 
rather a dilute suspension made from one adrenal gland. Four of 
these brains were examined microscopically and all showed the 
typical encephalitis. Mice injected with a heavy suspension of testis 
or kidney of the same animal all remained well. 

The spinal cord and sciatic nerve of a mouse dying after an 
intracerebral injection of virus always proved to be highly infectious. 
It will thus be seen that at death the whole nervous system and 
the adrenal gland contain the virus. It will be recalled here that the 
medulla of the adrenal is developmentally associated with the 
sympathetic ganglia. 

The death of a few mice after an intracerebral injection of 
abdominal organs could be explained by the presence of the virus in 
the nerve tissue in those organs. But as mentioned above, sections 
of the brains of such mice were negative pathologically. It is also 
possible that the haemorrhages into the stomach may be referred 
to lesions of the nerves supplying that organ. 


CENTRIFUGAL PASSAGE OF THE VIRUS IN THE 
NERVOUS SYSTEM 


That the virus probably travels along the nervous routes can be 
shown by testing the infectivity of various parts of the nervous 
system at different intervals of time after an intracerebral injection. 
Thus the spinal cord is already highly infectious three days after an 
intracerebral injection of virus, whereas the sciatic nerve and 
adrenal gland at this time are non-infectious. Later, at the fifth 
and sixth days, when the mouse is dying of the infection, the virus 
is present in large quantities all through the nervous system, sciatic 
nerve and adrenal included. 


INFECTION OF YOUNG MICE 


Various attempts were made to infect mice by intraperitoneal 
injection of the virus. This procedure in adult mice produced 
infection and death only in exceptional cases. Young mice, 
however, from birth up to about two weeks of age, were found to be 
susceptible. The time of death in young mice after an intra- 
peritoneal injection was slightly later, from one to five days, than in 
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the control adult mice injected intracerebrally with the same 
virus. In all thirty-eight mice, varying in age from three days 
to two weeks, were given an intraperitoneal injection of virus from 
nine different mice. Of these, ten were killed during the incubation 
period, twenty-four became infected and died, or were killed in 
extvemts, and four remained well. Three of the four which remained 
well were later shown to have developed an immunity. Mice 
more than two weeks old reacted to the virus like adult mice and 
very seldom succumbed to an intraperitoneal injection. In the 
earlier experiments occasionally a mouse did not become infected ; 
later, however (after the twenty-sixth mouse brain passage), no 
mouse less than two weeks old failed to become infected and die. 
Also, in the earlier experiments, the mice often lived any time up to 
thirteen days after injection, whereas in the later experiments, they 
usually died on the sixth or seventh day. There is thus noticeable 
in these intraperitoneal injection experiments the same increase of 
virulence as is shown by the brain to brain passage. 

The signs of infection in young mice after an intraperitoneal 
injection are the same as those observed in adult mice after an 
intracerebral injection. There is the same roughening of the fur, 
the same inactivity and the same paralytic symptoms. Haemorrhage 
into the stomach in a few mice is the only macroscopic lesion present. 
The liver and other organs appear normal and, as mentioned in 
another place, contain very little, if any, virus. Microscopically, 
the brain shows the usual encephalitis and nuclear changes. 


DISTRIBUTION OF THE VIRUS IN YOUNG MICE DYING 
AFTER AN INTRAPERITONEAL INJECTION 


The infectivity of the blood and various abdominal organs of 
young mice dying after an intraperitoneal injection of virus, was 
tested by the injection of suspensions of these tissues into the 
brains of normal mice. All the experiments undertaken showed 
that the distribution of the virus in these mice was the same as in 
adult mice dying after an intracerebral injection ; namely, that the 
blood and the abdominal organs, with the exception of the adrenal 
which proved highly infective, were relatively free, whereas the 
nervous system, i.e. brain, spinal cord, and sciatic nerve contained 
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the virus in large amounts. Of a large number of mice injected 
with the abdominal organs (excluding the adrenal) only one became 
ill after a prolonged incubation period. The rest remained well 
and were later given an immunity test with passage virus to which 
all succumbed. The one mouse which became ill had received 
a mixture of kidney and spleen. The brain of this mouse showed 
the typical encephalitis. 

A series of experiments were undertaken to determine the path of 
infection in young mice after an intraperitoneal injection of virus. 
For this purpose the infectivity of the various tissues was tested 
at intervals after an intraperitoneal injection. The results of 
several experiments of this nature showed that twenty-four hours 
after an intraperitoneal injection the blood is not infective ; liver, 
spleen and kidney (these organs were usually ground up together) 
contained the virus, though not to any great extent. Thus of 
twelve mice which were injected with a mixture of liver, spleen and 
kidney, five became ill, three of these died, and two were etherized 
and the brains preserved for study. Both these brains showed the 
typical encephalitis. It is not known whether the virus had actually 
penetrated the organs or whether the positive results were due to the 
presence of the virus on the peritoneal surface of these organs. 

The infectivity of the brain twenty-four hours after an intra- 
peritoneal injection was tested on three different occasions. In one 
experiment it proved non-infective. In the second it was shown to 
contain only a small quantity of virus. In this experiment four mice 
were used and all remained well Two, however, were shown 
later to have developed an immunity. In the third experiment, 
two out of six mice became infected. Forty-eight hours after an 
intraperitoneal injection the localization of the virus is very definitely 
confined to the nervous system. Liver, spleen and kidney are 
entirely free of virus. Of twelve mice injected with brain, eleven 
became ill and died or were killed for pathological study, and one 
remained well. Four of those which became infected had a rather 
long incubation period (eight to sixteen days). The results of the 
infectivity tests seventy-two hours after an intraperitoneal injection 
were the same as those of the forty-eight hour series, except that 
the brain contained the virus in larger amounts as manifested by 
the death of all the mice injected from the fifth to the seventh day. 
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The infectivity of the sciatic nerves of young mice injected 
intraperitoneally was tested at two different times,—once on the third 
day after injection, the second time on the sixth day when the 
injected mouse was dying as a result of the infection. All of six mice 
injected with the sciatic nerve removed three days after injection 
remained well. Four weeks afterwards these mice were given an 
immunity test ; five died in the same time as the controls and one 
remained well, demonstrating that the sciatic nerve at this time 
contained very little virus. Of the four mice injected with a suspen- 
sion of the sciatic nerve removed six days after an intraperitoneal 
injection, three became ill and were killed. The brains of all three 
showed the typical pathology. The fourth mouse remained well 
and was given an immunity test, but died immediately after the 
injection. This experiment shows clearly that the sciatic nerve 
on the sixth day after an intraperitoneal injection of virus contains 
the virus in a fairly high concentration. The difference of infectivity 
of the sciatic nerve on the third day and the sixth day, and the 
absence of the virus in the blood at any time, is good evidence ‘n 
favour of the theory of the propagation of the virus along the nerve 


PRESERVATION OF THE MOUSE VIRUS BY FREEZING 


Brains removed from mice dying as a result of infection with 
yellow fever virus were stored in the cold room at —8°C. The 
infectivity was tested on several occasions up to 160 days. The 
results may be summarized as follows. Infective mouse brain 
stored at a temperature of — 8° C. retains its virulence for at least 
160 days. There is, however, a gradual loss of virulence as mani- 
fested by a prolonged incubation period in several mice and the 
failure of some mice to become infected. Thus, of six mice injected 
with a portion of brain stored for 160 days, one was dead on the 
fifth day, one was dead and one dying on the seventh, one was 
dying on the eighth day, one was dying on the tenth and one remained 
well. The diagnosis of yellow fever infection was made by 
pathological examination of the brain as well as passage to other mice. 
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PRESERVATION OF THE MOUSE VIRUS IN 50 PER CENT. 
GLYCERINE 


Infective brain stored in 50 per cent. glycerine at a temperature of 
2°-4° C. proved infective when tested after fifty-eight days, but not 
after 100 days. Under these conditions the brain had lost a good 
deal of virulence even after fifty-eight days. Only four mice out of 
six became infected, and two remained well. Three of the mice which 
became infected did so after a rather prolonged incubation period 
(eight to ten days). Two brains examined pathologically showed 
the typical encephalitis and one of these brains proved positive when 
tested for infectivity. 

It is significant that an infective brain stored at 2°-4° C. for 
fifty-three days in saline proved just as infective as the glycerinised 
brain mentioned above. Brain in saline kept at 2°-4° C. for 100 days 
did not prove to be infective. 


THE PRODUCTION OF IMMUNITY IN MICE AGAINST AN 
INTRACEREBRAL INJECTION OF VIRUS 


The production of passive immunity by the injection of immune 
serum produced an immunity in very few cases. Intraperitoneal 
injection of large quantities (3-1 c.c.) of human or rhesus immune 
serum seldom protected against an intracerebral injection of virus, 
whether tested immediately after the injection of serum or after a 
lapse of one to eleven days. 

The injection of an immune serum intracerebrally on one day and 
the injection of virus by the same route the next, did not protect any 
of six mice, though four lived for one day longer than the controls. 
Mice which have survived an intracerebral injection of a mixture of 
immune serum and virus, are as a rule just as susceptible as normal 
animals. In exceptional cases an immunity has been produced this 
way. 

By the intracerebral injection of a sublethal dose of virus, an 
immunity was occasionally produced. This occurred on two 
occasions in titration experiments. Of the mice which had survived 
the injection of diluted virus, several which had received the lowest 
dilution were found to have become immunized. 

Intraperitoneal injection of virus leads to an immunity in about 
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two-thirds of the mice injected. As pointed out above, the develop- 
ment of immunity after an intraperitoneal injection of virus is not 
dependent on the dose of the virus. 

There are certain indications that the virulence of the virus for 
mice may have a relation to the production of immunity. Thus, 
mice injected intraperitoneally with large amounts of virus derived 
from monkeys, or slightly attenuated mouse virus, such as can be 
produced by glycerinization or freezing, in no case developed an 
immunity to a subsequent intracerebral injection of passage virus. 
The experiments bearing on this point, however, are too few in 
number to warrant any conclusions. 


VIRULENCE OF MOUSE VIRUS FOR RHESUS MONKEYS 


The pathogenicity of the mouse virus was tested on three different 
occasions. In each case the amount injected was approximately the 
same, namely the entire brains of three mice ill or dying of the 
infection. The first monkey was injected intraperitoneally with the 
third passage twenty-four days after the virus had been established in 
mice. This monkey was dying on the fifth day and was etherized. 
Autopsy revealed the typical lesions of experimental yellow fever 
and the diagnosis was confirmed by the microscopic examination of 
sections. 

The second monkey was injected with virus from three mice 
dying after the twenty-ninth passage, 189 days since the establish- 
ment of the virus in mice. This monkey had been used before but 
there was every reason to believe that he was normal. He showed a 
temperature on the sixth and seventh days of 104-8° F. and 104-2° F., 
and thereafter was normal. Twenty-two days after the injection 
of mouse virus this monkey was given an immunity test with virulent 
monkey yellow fever virus. He showed a rise of temperature to 
104:2° F. on the third day and thereafter was normal. 

The third monkey was injected with material from the forty- 
second passage in mice 273 days after the establishment of the 
mouse strain. There was no rise of temperature and the monkey 
remained well until the forty-seventh day, when he appeared to be ill. 
He was found dead on the morning of the next day. The autopsy 
findings were consistent with, though not typical of experimental 
yellow fever in monkeys. There was no jaundice. The lymphatic 
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glands were enlarged and appeared haemorrhagic. The liver was 
yellow and fatty, but did not have the typical boxwood colour. 
The left lung showed a massive pneumonic process. 

Microscopical examination of the liver showed a fatty infiltration, 
particularly in the periphery of the lobules. There were occasional 
necrotic cells scattered throughout the organ. No intranuclear 
changes such as have been described as inclusions by Torres (1929) 
and Cowdry and Kitchen (1929) were found. The appearance of the 
liver changes are not typical of yellow fever but this disease cannot 
be excluded. 

Mice injected intracerebrally with material from this monkey 
(blood and liver) either died from a bacterial infection or remained 
well. Passage to other mice did not result in any infection. All the 
mice which survived the injection of monkey material, as well as those 
used in subinoculations, were later given an immunity test with 
passage mouse virus and all died in the regular time. All the 
evidence, therefore, pathological and experimental, tends to indicate 
that this monkey did not die of yellow fever, but of some inter- 
current infection. 

The number of monkey experiments are obviously too few to be of 
much significance. On account of the fact that one of the monkeys 
had been used before, only two are of any value. The only legitimate 
interpretation that can be drawn from the death of the first monkey, 
is that some of the original yellow fever virus was carried through 
three mouse passages, and not that proliferation of the virus in the 
mice had occurred. The development of immunity in the second 
monkey is significant, though here one cannot be sure that the 
immunity was produced by the injection of mouse virus. There was 
every reason to believe that this monkey, though used before, was 
normal. Assuming that the virus in mice is yellow fever, and the 
serum experiments leave very little doubt that this is actually the 
case, the fact that the third monkey lived for forty-seven days after 
an injection of mouse virus, whether he died from yellow fever or not, 
warrants the conclusion that continuous passage of the virus through 
mice leads to an attenuation for monkeys. This opens the interesting 
speculation whether continuous passage of yellow fever virus through 
monkeys or mice would also lead to an attenuation for man.* 


* Iam indebted to the De Lamay Mobile Research Fund for the purchase of the three 
monkeys used in these experiments. 
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ACTION OF IMMUNE MONKEY SERUM ON MOUSE VIRUS 


In the first experiments to determine the action of immune 
monkey serum on mouse virus, several procedures were undertaken 
which are, briefly, as follows :-— 

1. Three mice were given an intraperitoneal injection of $ c.c. 
of immune serum; a half-hour afterwards they were given an 
intracerebral injection of virus (brain from twentieth mouse passage). 
Two of these were in a moribund condition on the eighth day, and 
one survived. That these two were dying as a result of infection 
of the virus was shown by microscopic examination of sections of their 
brains. 

2. Four mice were injected intracerebrally with a mixture of 
equal parts of immune serum and virus. The injections were made 
immediately after mixing. Two of these were dead on the tenth day 
and two lived. 

3. Three mice received an injection intracerebrally of the 
immune serum-virus mixture which had been allowed to stand at 
room temperature for one hour. One was found dead on the ninth 
day and two survived. 

Four mice which received virus alone were all dead or dying on 
the eighth day. Summarizing the above, of ten mice injected with 
immune serum and virus, five died and five were protected. 

In a second experiment the procedure was somewhat modified. 
The virus was prepared as usual, then centrifuged at low speed for 
ten minutes, and the supernatant fluid used. Equal parts of immune 
serum and virus (brain from thirty-first mouse passage) were 
thoroughly mixed and allowed to stand at room temperature. 
After twenty minutes, one hour and two hours’ standing, mice 
wereinjectedintracerebrally with the mixture. A similar mixture was 
prepared, using, however, normal monkey serum. An equal number 
of mice was injected at the above intervals. All the mice which 
received the mixture of normal serum and virus were dead or in a 
dying condition by the eighth day. The results with the immune 
serum were as follows :— 

1. Of four mice injected intracerebrally twenty minutes after 
mixing the immune serum and virus, one was moribund on the 
twelfth day and was etherized, and three remained well. 
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2. Of four mice injected intracerebrally with immune serum and 
virus allowed to stand one hour, one died on the third day and three 
remained well. 

3. Of four mice injected with immune serum and virus allowed to 
stand for two hours, one died on the fifth day, one was dying on the 
seventh day and was etherized, and two remained well. The mouse 
that was etherized showed the typical histological picture of yellow 
fever in mice. 

It will be seen from the results of this experiment that the length 
of time of contact between the immune serum and virus had no 
marked effect. Of the two mice which died after receiving the 
mixture of virus and immune serum which had been in contact for 
two hours, one which died on the fifth day in all probability died as a 
result of some intercurrent infection, as all the controls at this time 
were alive and well. The same holds true for the mouse which died 
on the third day after receiving the mixture which had been allowed 
to stand for one hour. Excluding these two, the result of the 
experiment shows that of ten mice injected intracerebrally with a 
mixture of equal parts of immune serum and virus, two died and 
eight were protected. Twelve control mice which received mixtures 
of normal monkey serum and virus intracerebrally were all dead or 
dying on the eighth day. 

The results obtained in this experiment are more clear-cut than 
those of the first experiment, due no doubt to the use of the centri- 
fuged virus. The method of preparation of the virus in the first 
experiment was to make a fairly dilute suspension of infective brain, 
according to the method outlined under the heading ‘ Technique ’ 
earlier in this paper. It is clear that in such a suspension there 
must be fairly large masses of brain tissue into the interior of which 
it is difficult for the immune serum to penetrate and thus to neutralize 
the virus. It was to overcome this difficulty that the brain 
suspension was centrifuged in the second experiment. 

All the mice in the two above experiments which survived were 
given an immunity test by the injection of passage virus intra- 
cerebrally and all died in the same length of time as the normal 
controls. 


‘ 
4 
| 
: 
| 
| 
| 
| 
} 
| 
| 
age 
bal 
| 
| 
; 


266 


ACTION OF IMMUNE HUMAN SERUM ON MOUSE VIRUS 


(A) Laboratory Infection. 


The serum ‘T' employed in this experiment was that of a 
laboratory worker who, during the course of these experiments, 
developed an attack of fever which was at first thought to be a 
relapse of malaria. This illness was characterised by an irregular 
temperature ranging from ror° F. to 103° F., and lasting for five 
days ; a trace of albumin in the urine; a pulse slow in proportion 
to the temperature ; a low blood pressure and a marked leucopenia. 
The source of infection was in all probability from the mouse virus 
in about the thirty-second passage, as there was very little chance of 
acquiring the infection in any other way. 

Serum taken a week before onset of the illness was available as 
control to the convalescent serum. The procedure adopted was the 
same as that of the second experiment above, except that in the 
preparation of the virus the infective brain suspension was centrifuged 
at low speed for twenty minutes. Virus (brain from fortieth mouse 
passage) and sera were mixed and injected immediately into the brains 
of mice. The results were as follows :— 

1. Of five mice which received the mixture of serum obtained 
before the illness and virus, all were dead or dying by the seventh day. 

2. Of six mice injected with the mixture of convalescent serum 
and virus, one died on the second day, one died on the tenth day and 
four remained well. 

3. Of five mice injected with a mixture of immune monkey 
serum (also used in the two experiments reported above) and virus, 
two died on the tenth day and three remained well. 

If we exclude the mouse which died on the second day it will be 
seen that of five mice which received the mixture of convalescent 
serum and virus, four were protected and one died after a rather 
prolonged incubation period. 


(B) Convalescent serum from a naturally acquired case in Liberia 


The serum of this patient, ‘ V,’ who had passed through an attack 
of yellow fever in Liberia, West Africa, was tested in the same 
manner as described above. The virus (brain from fifty-third mouse 
passage) was centrifuged for thirty minutes, and equal parts of serum 
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and virus were mixed and injected immediately into the brains of 
six mice. Similar mixtures were prepared with ‘T’ serum and 
normal human serum, and each injected into six mice. The results 
were as follows :— 

I. Six mice injected intracerebrally with a mixture of normal 
serum and virus were all dead on the sixth day except one which, 
by accident, received a very small injection and which died on the 
seventh day. 

2. Of six mice injected intracerebrally with a mixture of 
serum ‘ V’ and virus, one died on the fifth day, one died on the sixth 
day, one died on the eighth day, one died on the tenth day and two 
remained well. 

3. Of six mice injected with a mixture of ‘ T’ serum and virus, 
one died on the second day and one on the third day (both probably 
due to intercurrent disease), one died on the eighth day, two died on 
the eleventh day, and one remained well. 

It is obvious that in this experiment the virus used was rather 
virulent, as manifested by the death on the sixth day of all the mice 
which received the mixture of normal serum and virus, and by the 
survival of only one mouse which received the mixture of ‘ T ’ serum 
and virus. In repeated neutralization tests with one serum and 
various preparations of virus obtained from different mice, the 
number of mice which survived varied, due probably to the difference 
of virus content in the mouse brains used. 

Protection tests similar to the above have been carried out with 
convalescent yellow fever sera from Africa, Brazil and Colombia, 
and all with possibly one exception have shown some protection. 
It is hoped that the results of these tests, some of which are still in 
progress, will be published in a separate article in the near future. 


GROSS PATHOLOGY 


Mice dying after an injection of yellow fever virus show very 
few macroscopic changes. Many appear to be perfectly normal. 
There is no jaundice. One lesion, namely, haemorrhage into the 
stomach, seems to be common enough to suggest that it is due to the 
action of the virus. The stomachs of mice dying of yellow fever are 
almost invariably empty and in about half of the cases show definite 
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haemorrhages. The blood in the stomach becomes black and tar-like, 
presenting the same appearance as that seen in monkeys dying of 
infection with the yellow fever virus. No definite ulceration has been 
found, nor has microscopic examination of sections revealed the 
genesis of these haemorrhages. 

A large proportion of the mice show changes in the lymph glands, 
best seen in the inguinal region. The glands are usually enlarged and 
hyperaemic, and sometimes there is a distinct haemorrhage into the 
substance of the gland as well as into the surrounding connective 
tissue. Small subcutaneous haemorrhages are sometimes seen in 
the axillae or on the abdominal wall. However, similar changes in 
the lymph glands have been observed in the stock mice. The 
appearance of the abdominal organs is usually within the normal 
range, such pathological changes as are sometimes seen being due to 
other infections such as mouse typhoid. The liver sometimes 
appears markedly fatty but this condition one also sees in stock 
mice. Sections of such livers show a fatty infiltration of the liver 
cells, but no necrosis. 

Mouse typhoid was fairly often encountered in our injected mice. 
This infection may cause haemorrhages into the intestine as well as 
into the stomach. In such cases the stomachs resemble very 
closely those of yellow fever mice. We had thus considerable 
doubt at first whether any of the gastric lesions were associated 
with infection with the virus of yellow fever. 


MICROSCOPIC PATHOLOGY 


On account of the sharp localization of the virus of yellow fever 
in the nervous system of an infected mouse, attention was chiefly 
directed to the study of changes in the brain. Sections of this 
organ showed an encephalitis which in well-marked cases is 
reminiscent of that seen in encephalitis lethargica. These lesions 
consist of a proliferation of the vascular endothelium and a peri- 
vascular infiltration with mononuclear cells. The lesion is in some 
instances of the type commonly designated perivascular endothelial 
proliferation. The vascular changes are first seen in animals killed 
on the third day after injection and become more marked on the 
succeeding days until the death of the animal. In mice which, for 
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some reason or other, live longer than usual the pathological changes 
are usually correspondingly more marked than in those which die in 
the regular time. 

In addition to the vascular changes there are almost invariably 
present nuclear changes in the ganglion cells which resemble those 
observed in the nuclei of liver cells of rhesus monkeys infected with 
the virus of yellow fever and which have been described as inclusions 
by Torres (1929), and Cowdry and Kitchen (1929). These specific 
nuclear changes take the eosin stain intensely with the eosin- 
methylene blue method and are coloured pink with Giemsa’s stain. 
They are particularly abundant and well-marked in young mice 
dying after an intraperitoneal injection of virus. When they are 
well developed the nucleolus is seen to be almost completely sur- 
rounded by an eosinophilic body consisting of a large number of 
granules. It is fairly frequently observed that in addition to the 
nuclear changes the cytoplasm of the cell takes on an eosinophilic 
tint. This alteration in the staining reaction appeared in some 
cases at least to be due to the presence of vast quantities of small 
acidophilic granules. Vascular as well as nuclear changes are also 
observed in the spinal cord. 

The encephalitis as well as the nuclear changes have been observed 
in the brains of mice injected with yellow fever material from three 
different monkeys and are present no matter how the mice are 
infected. However, a few brains have failed to show the specific 
nuclear changes even after repeated examinations. 

Since the above was written a second and more lengthy account 
by Cowdry and Kitchen (1930) of the nuclear changes which occur in 
yellow fever livers of man and monkeys has appeared. From the 
detailed descriptions and illustrations by these authors I have no 
hesitation in stating that the appearance as well as the development 
of the nuclear changes in the ganglion cells in infected mice are very 
similar to those in the nuclei of the liver cells of man and monkey. 


DISCUSSION 


The neurotropic character of yellow fever virus in mice is strong 
evidence in favour of the theory that the etiological agent of this 
disease should be classified with the filterable viruses. As far as 


| 
| 
pe 
| 
| 
' 
| 
| 
| 
} 
| 
| 
| 
rt 
: 
: 
ap 


270 


I know, no one has shown any tropism of yellow fever virus in 
man or monkey. The affinity of a virus for a definite tissue in one 
susceptible animal and not in another is a rather unusual occurrence. 
The closest analogy is afforded by the virus of fowl plague 
(Gefligelpest). Fowl plague in chickens produces an acute disease 
with the virus distributed throughout the animal : blood, abdominal 
organs, and nervous system. Adult geese asa rule are not susceptible 
to a subcutaneous or intramuscular injection of fowl plague virus, 
but can be infected by an intracerebral injection (Kraus and 
Schiffmann, 1907). According to Kleine (1905) young geese are 
susceptible to a subcutaneous injection of fowl plague virus. He 
could demonstrate the virus in the blood up to four days after 
injection when it disappeared. It could then be demonstrated in 
the brain, spinal cord, and sciatic nerve. Kleine, and independently 
of him, Rosenthal (1906) compared the virus of fowl plague to 
rabies. Neurotropic properties of fowl plague virus in pigeons have 
been also shown (Kraus and Doerr, 1908). 


SUMMARY 


Mice were injected intracerebrally with yellow fever virus from 
four different rhesus monkeys. In every experiment some of the 
mice became ill and died. The virus can be propagated indefinitely 
in mice by mouse brain to brain inoculations. 

The virus of yellow fever is highly neurotropic in mice, being 
present at death in high concentration in the brain, spinal cord, 
sciatic nerve and adrenal. The virus is either entirely absent, or is 
present in very small amounts in the blood, liver, spleen, kidney, 
and testis. 

Injection of the virus into the nervous system, e.g. eye, brain, 
spinal cord, results in infection. Injection of the virus subcutaneously, 
intradermally, intramuscularly, intraperitoneally, very seldom indeed 
results in infection and death but often produces an immunity to 
a subsequent intracerebral injection of passage virus. 

Evidence is presented that in mice the virus travels along the 
nerve paths, both centripetally and cetrifugally. 

Young mice less than two weeks of age are susceptible to an 
injection of the virus into the subcutaneous tissues and the peritoneal 
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cavity as well as to intracerebral injection. The distribution of 
virus in the body of a young mouse dying after an intraperitoneal 
injection is the same as that in an adult mouse after an intracerebral 
injection—viz., the nervous system is highly infective, whereas 
the blood and abdominal organs (with the exception of the adrenal) 
are either free from virus or contain very little. Virus injected into 
the abdominal cavity of a young mouse cannot be demonstrated in 
the blood or abdominal organs (liver, spleen, kidney) forty-eight hours 
after the injection. The brain at this time is already highly infective. 

The serum of a monkey immune to yellow fever, human serum 
from a laboratory infection as well as human sera from naturally 
acquired infections neutralize the mouse virus partially or completely. 
This effect can be shown by mixing the immune serum and virus 
in vitro and then injecting the mixture intracerebrally into mice. 

Infective mouse brain stored in the freezing room at — 8°C. 
retains its virulence for at least 160 days. Kept in 50 per cent. 
glycerine at 2°-4° C. brain proved infective after fifty-eight days but 
not after 100 days. 

Passage of the yellow fever virus through mice leads to a loss of 
virulence of the virus for monkeys. A rhesus monkey injected with 
the third mouse passage died of typical experimental yellow fever 
in five days. A monkey injected with material from the forty- 
second mouse passage remained well for forty-seven days. This 
monkey was found dead on the forty-eighth day—death in all 
probability being due to intercurrent disease. 

The brains of all mice, no matter how infected, show an encepha- 
litis which in well-marked cases is highly reminiscent of encephalitis 
lethargica. In addition to the vascular changes there are present 
almost invariably nuclear changes in the ganglion cells, which 
resemble those present in human and monkey yellow fever livers and 
which have been described as inclusions by Torres (1929) and 
Cowdry and Kitchen (1929). 


CONCLUSIONS 


1. Mice are susceptible to the virus of yellow fever when injected 
into the brain. The strain can be maintained indefinitely by brain 
to brain passages. 
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2. The virus established in mice is highly neurotropic for these 
animals. 

3. The action of immune yellow fever sera can be demonstrated 
by injecting a mixture of immune serum and virus into the brains 
of mice. 

4. Passage of yellow fever virus through mice leads to a loss of 
virulence for monkeys. 

5. Yellow fever virus produces an encephalitis in mice. In 
addition there are specific eosinophilic nuclear changes in the 
ganglion cells. 

6. The neurotropic character of the virus as well as the patho- 
logical changes induced, afford strong evidence that the etiological 
agent of yellow fever should be classified with the filterable viruses. 
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EXPERIMENTAL STUDY ON THE RESIST- 
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(From the Department of Parasitology, Liverpool School of Tropical 
Medicine) 
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The following experiments were made in an endeavour to see 
how far it is possible to make a strain of Entamoeba histolytica resistant | 
to the action of emetine hydrochloride in culture tubes. With this | 
end in view the following four strains of the parasite were isolated. | 

STRAIN V. This was isolated from a patient suffering from 
chronic intestinal amoebiasis, who was passing cysts in his stools 
at the time when the specimen was taken. When the specimen 
of faeces was obtained it was first microscopically examined. All 
the cysts found were those of EF. histolytica ; there were no amoeboid 
forms or other protozoa to be detected. A suspension of cysts was 
made, using the concentration method of Yorke and Adams. 

The differential count of the cysts was as follows :—mono- 
nucleated 56 per cent., binucleated 20 per cent., quadrinucleated 
22 per cent., and unclassified cysts 2 per cent. 

From this suspension three tubes of Boeck and Drbohlav’s 
medium, and three tubes of Dobell’s medium were inoculated ; sub- 
culture was carried out every alternate day. After the strain had 
been established it was tested on emetine media of various con- 
centrations as shown in the tables below. 

STRAIN G. This strain was isolated from a patient with the 
following history :—He first had an acute attack of diarrhoea in 
1916, when he was admitted to Hospital in Nairobi for eight days ; 
in 1917 he had a second attack. Specimens examined then were 
said to be negative for E. /istolytica. In March, 1928, a third 
attack of acute diarrhoea was accompanied by passage of blood 
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and mucus in the stools. The faeces on examination was then found 
to be swarming with vegetative forms of E. jistolytica. A course of 
emetine was given, amounting to 10 grains. In July, 1928, there 
was a relapse, when 8 grains of emetine were administered ; 
in November, 1928, 6 grains of emetine were given during an 
attack. In July, 1929, the latest attack began but no emetine was 
given until after isolation of the strain—in August. The strain was 
isolated from the faeces of the patient on two different occasions, 
not during an acute attack, but in the intervals; the first occasion 
being on 1.8.1929, and the second on 26.8.1929. During the period 
elapsing between the two mentioned dates there had been no emetine 
administered. 

STRAIN GI was the name given to that isolated on the second 
occasion. These strains were established on egg-solid and Ringer’s 
egg-white solution. 

STRAIN MENA. Strain Mena was obtained from a patient who 
contracted amoebic dysentery during the war, in 1917; since then 
he had had several acute relapses. The patient was under the care 
of Professor Yorke when the strain was isolated; he was then 
having an acute relapse and passing blood and mucus. The 
macroscopical appearance of the stool was that very characteristic 
so-called ‘ red-currant jelly.’ Microscopically it was teeming with 
vegetative forms of E. /istolytica. The individuals were strikingly 
large in size, measuring from 20m to 30m, and the majority of them 
had ingested numerous red blood corpuscles. This strain was 
isolated on a medium composed of egg solid, and Ringer’s egg-white 
solution. 

The technique adopted in carrying out the experiments mentioned 
below consisted of preparing egg slopes as described by Boeck and 
Drbohlav, and the addition of egg-white and Ringer’s solution 
(white of one egg to 250 c.c. of Ringer’s solution). The emetine 
media were prepared by adding emetine hydrochloride to both solid 
and fluid parts in the same concentrations in each tube. Each tube 
contained 5 c.c. solid and 8 c.c. fluid. In every experiment the 
tubes were put into the incubator for one hour before use, in order 
to warm them, a little rice starch was added and then they were 
inoculated from the stock cultures of the various strains above 
mentioned. 
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It was first thought necessary to discover the concentration of 
emetine which would kill E. histolytica in vitro incubated at 37° C. 
in a given time. This was done by examining the emetine cultures 
after forty-eight hours, and then again after seventy-two hours 
from the time of incubation. In Table I are indicated the number of 
cultures which grew and the number which died in the concentrations 


given. All control cultures showed good growth. 
Taste 
Showing growth of the four strains in various emetine concentrations. 
Concentration Strain V Strain G Strain Gr Strain Mena 
Grew Died Grew Died | Grew Died | Grew Died 
I : 1,000 3 - - 
I : 20,000 ° 3 ~ I 3 
I : 40,000 ° 3 3 4 4 
I : $0,000 - | I 3 4 
1 : 80,000 ° 3 I 2 4 fo) 4 ° 
1 : 160,000 3 | 3 4 ° - 
I : 320,000 3 | 3 
I : 640,000 3 | 3 | 


Norr.—o = Nothing grew. 


= No tube inoculated. 


In Table II are given in detail the results obtained by submitting 
Strain Mena to the following concentrations of emetine hydrochloride. 
The technique used here was the same as employed in the three 
previous strains. 


TABLE 


Il. 


Showing concentrations used and the results. 


Concentration 


Grew 


Died 


: 20,000 
: 30,000 
: 40,000 
: 50,000 
: 80,000 


: 100,000 ... 
: 120,000 ... 
: 160,000 ... 
: 200,000 ... 
: 400,000 ... 


DN 


99000000 0 =w 


Notet.—All control tubes showed very copious growth. 
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The results of the experiments which are shown in the Tables 
No. I and No. II led me to draw two conclusions. Firstly ; The 
threshold lethal concentration of emetine for E. histolytica differs 
in each of the four strains. Secondly ; The strain which is most 
resistant to emetine is that—Mena Strain—isolated from a case 
subject to acute relapses, with passage of blood and mucus in loose 
stools swarming with large vegetative forms containing numerous 
ingested red blood corpuscles. 

The reproductive power of Entamoeba histolytica is not impaired 
by emetine of a concentration of I in 160,000. An amoeba of 
Strain G in this strength was observed during process of 
division ; the movements of the two resulting daughter amoebae 
were observed for some time, and they were apparently quite healthy. 
As it was noted that G Strain was able to resist higher concentra- 
tions of emetine than V Strain, it was subjected to the following 
experiments. The sub-culture of I in 160,000 was sub-inoculated 
into media of the same concentration every third day for five 
successive generations. The growth in the second generation was 
far better than that in the first, but in the fourth and fifth, especially 
in the latter, there was produced a small race measuring from 12 to 
14, whereas the original G amoebae measured from 18m to 23y. 
No cysts were seen during any of these experiments. By growing 
this small race on normal medium there was obtained a good growth 
of amoebae of the same size and quality as the original G. On 
inoculating a tube of I in 80,000 with the small race of the fifth 
generation in I in 160,000 a very scanty growth was to be observed 
after three days’ incubation. On transferring material from this 
tube, however, to a tube with normal medium, a good growth of 
amoebae occurred. 

The behaviour of the Strain G1 differed in no great extent from 
that of its predecessor, Strain G. Both had an average measurement 
of 18 to 

Strain Mena was no doubt as shown in the Tables Nos. I and II, 
much more resistant to emetine than the other strains examined. 
As already noted, the faeces from which it was isolated contained 
an abundance of vegetative forms of E. /istolytica, and the individuals 
varied in size from 20 to 30u, and contained numerous ingested red 
blood corpuscles. In cultures, the amoebae showed great ability for 
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ingesting starch, some individuals would ingest as much as ten 
granules, so as to have a packed appearance. After adding a drop of 
blood to cultures of this strain some amoebae were seen with ingested 
erythrocytes. This strain which grew copiously on emetine free 
media, could be maintained easily in cultures, and was free from 
admixture of other protozoa as proved by numerous tests. It was 
selected and subjected to the following experiments in order, if 
possible, to raise its resistance to emetine. 

The technique used for these experiments differed in the following 
points from that used for obtaining the above-mentioned results. 
Two media were used here ; the first was a complex medium com- 
posed of inspissated ox-serum as solid and 8 c.c. of Ringer’s egg-white 
solution for the fluid part ; a few grains of starch were added to 
each tube. The emetine was mixed with the fluid part of those 
tubes which were used for graduating the amoeba to raise its 
resistance to the alkaloid. To obtain results as uniform as possible, 
the inspissation of the serum was carried out with great care, in 
order to get each batch of medium of the same clarity as the previous 
ones. This was done by keeping several tubes as standards for 
comparison. 

The examinations of the tubes were done after incubating them 
at 37° C. for three days. The deposit in the tubes was microscopically 
examined, and in doubtful cases the deposit was mixed thoroughly 
with all the fluid in the tubes and centrifugalised, and then examined. 
Sub-inoculations on normal media were also done in some cases to 
obtain decisive results. The negative tubes showed either nothing 
at all, or some dead amoebae were encountered during examination. 
The dead amoebae had a granular appearance ; the nucleus (in fresh 
specimens) was sometimes very distinctly visible with chromatin 
dots along the nuclear membrane ; sometimes they showed large 
vacuoles where the cytoplasm had been dissolved. 

As shown in Table III, col. 1, below, the first concentration of 
emetine used was I in 400,000, and this was raised gradually. When- 
ever the strain during its graduation in emetine showed signs of 
deterioration it was returned to weaker concentrations, and then 
once again taken through the higher concentrations, but it was 
never allowed to touch emetine-free media. These experiments were 
carried on for five months, and at last a strain was obtained which 
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showed a definite resistance to emetine hydrochloride as compared 
with amoebae from the original strain which was grown on normal 
media and never treated with emetine 7 vitro. 


III. 


Showing growth of Mena Strain under various experimental conditions. 


Growth of 


Growth of Mena Strain | Test of | Mena Strain in 
Concentrations of in successive passages Normal Mena Strain | Emetine medium 
Emetine hydrochloride in Emetine medium inoculated directly into | 140,000 and 
| _ _Emetine medium | progressive passages 
Generation | 
400,000 
200,000 
| (measurement 18/4-30/) 
1 : 160,000 
I : 120,000 +-+-+- 
I : 100,000 +-+-+ 
1 : 80,000 
I: 50,000 +--+ 
I 40,000 
I : 30,000 + 
I : 30,000 ll -+-+- 
I : 20,000 I 
I : 20,000 Il +-+- 
I : 20,000 | | 
(cysts were present) 
I : 20,000 IV 
I : 40,000 | + 
1 : 80,000 
I : 50,000 
| (measurement 2 
: 40,000 
(measurement 14/-28/0) 
I : 30,000 | 
I : 20,000 | 4+ 
I 50,000 
I : 20,000 I +-4- 
I : 20,000 II | + ao | 
I : 20,000 Ill +4 
I : 20,000 IV | 
I : 20,000 V | +. 
_ (measurement 14/4) 
I : 20,000 VI | + 
I : 50,000 
200,000 I ++ 
I : 180,000 ++ 
| (measurement 181) 
I : 160,000 
| (measurement 20/2) | 
I : 140,000 | + 
I : 120,000 | +++ 
| (few cysts present) 
I : 100,000 +++ ++ 
: 80,000 | +++ 
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Taste I] ]—continued. 


Shewing growth of Mena Strain under various experimental conditions. 


| Growth of 
| Growth of Mena Strain | Test of Mena Strain in 
Concentrations of In successive passages Normal Mena Strain | Emetine medium 
Emetine hydrochloride in Emetine medium inoculated driectly into : 140,000 and 
 Emetine medium progressive passages 
Generation ! 
I : 70,000 + 
1 : 60,000 +} 
I 50,000 +++ | 
: 40,000 + 
I: 30,000 I +- 
I: 30,000 If ++ | + 
I : 20,000 I +— 4- 
I : 20,000 II +-4- Tube No.1 — 
» No.2— f| 
I : 20,000 Ill ++ 
I: 15,000 I | Tube — 
| » No.2 — | 
I : 15,000 II me | » Nor — 
(measurement | » No.2 — 
» No.3 
I : 50,000 ++ 
(measurement 142) (measurement 18/0) 
I: 30,000 | 
(measurement 14/2) 
I : 20,000 I 
I : 20,000 II 
I : 10,000 I ++ _ 
I : 10,000 II | 
I : 10,000 Ill 
I : 10,000 IV 
I : 10,000 V 


The first column of Table III shows the various concentrations 
through which this strain was passed from one to the other. The 
second column indicates the growth results obtained during these 
passages. The third indicates the results obtained in a series of 
inoculations of amoebae from emetine-free cultures into a medium 
containing the given concentrations of emetine. The fourth column 
gives the results of inoculating at I in 140,000 concentration of 
emetine medium, the same Mena Strain and attempting to carry it 
on from this to higher concentrations by direct passage without any 
intermission. It will be seen that it does not survive a concentration 
of 1 in 20,000. This may be attributed to the fact that it has had a 
shorter exposure previously to emetine graduations and also that it 
was not brought back into weaker concentration at the first signs of 
failure to grow. 
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The table shows that while amoebae from emetine-free cultures 
could not survive at all in the concentrations of I in 40,000, I in 30,000 
and I in 20,000, or could yield only a very poor growth, the emetine- 
graduated amoebae could resist stronger concentrations (I 1n 20,000, 
I in 15,000, I in 10,000) and could easily be maintained in them for 
several generations, and yield copious growths. The measurements 
of the emetine-graduated amoebae were taken at intervals (as given 
in the Table III in the second column) and showed a marked reduction 
in size, which they had undergone by passage from lower concentra- 
tions to higher ones. 

The second medium was a fluid medium and was used in 
order to confirm the results shown in Table III on the emetine- 
graduated strain. This simple fluid medium permits the action of 
emetine on the amoeba in much greater dilutions than do the complex 
media. For example, the Mena Strain died in a concentration of 
I in 200,000 in a few days. White of one egg was mixed with 
250 c.c. of Ringer’s solution. It had been found by previous 
experiments that on such a medium, amoebae from an already 
established growth could survive for two generations, yielding good 
growths. 

The experiments shown in Table IV were then performed as 
follows :—Small tubes, 7-5 cm. in length and 12 mm. in width, were 
used here. Each tube received 5 c.c. of the fluid medium mixed with 
the required concentration of emetine. Tubes No. I were inoculated 
from the emetine-graduated strain, and Tubes No. 2, containing the 
same concentrations of emetine, were inoculated from the cultures 
which had never been treated with emetine. Controls (Tubes No. 3), 
containing no emetine, were inoculated from normal cultures of Mena 
Strain. 

As shown in Table IV, Tubes No. 2 were found to be either 
negative or showing very few amoebae on verge of death, in a 
concentration of I in 200,000 after two days’ incubation. 

On the other hand, the amoebae of the emetine-graduated 
strain, Tubes No. 1, was able to survive in a concentration of 
I in 50,000 for two days. This means that the emetine-graduated 
strain could tolerate a concentration which is four times as much as 
that sufficient to kill the amoeba from normal cultures. 
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Tasie IV. 


Showing the different behaviour of mormal and Emetine-graduated Strains in an emetine 
fluid-medium. 


Tubes No. 1 | Tubes No. 2 


| 
| | 
Concentration of | Number of days These tubes were = ~— These tubes were 
emetine hydrochloride | of incubation inoculated from the | inoculated from 
emetine-graduated normal Mena Strain 
| Strain | 
Survived | Died Survived Died 
: 500,000 | I 2 2 ° 
2 I | I 
| 3 I fe) I ° 
4 I | fe) | I fo) 
| 
I : 200,000 I I I 
2 2 | ° I I 
3 | 3 : ° 5 
| 
I : 100,000 3 I o (| ° I 
4 I 2 fe) 3 
| | 
I : 50,000 2 3 I | 4 
| 
\ 


Tubes No. 3.—Twenty Tubes contained the same medium without emetine, and were inoculated 
from the stock cultures of normal Mena Strain. ‘These were used as controls, and all showed good 
growth of amoeba. 


CONCLUSIONS 


1. The resistance of Entamoeba histolytica to emetine hydro- 
chloride can be raised by passing it systematically for a long period 
through graduated concentrations of that drug. 

2. The amoeba undergoes a reduction in size after its passage 
over a long period through emetine hydrochloride. 

3. The resistant amoeba retains its reproductive powers. 


DISCUSSION 


Vedder, in 1911, was the first to discover the powerful action of 
emetine on free-living amoebae. Rogers (1912) used emetine 
injections hypodermically in the treatment of severe cases of 
amoebiasis. 

Since then many workers have tested the efficacy of emetine in 
the treatment of infections with Entamoeba histolytica. Baermann 
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and Heinemann (1913) state that after a period of about ten 
days after cessation of the treatment, the amoebae tend to 
reappear in the stools. Walker (1913) writes: ‘ None of the twenty 
experimentally infected or the nine naturally infected men has ceased 
to be a carrier of the Entamoeba histolytica, although some of them 
have been under observation for two years.’ Whitmore (1914) 
notes that relapses are not uncommon. Phillips (1914) states that 
emetine often fails to eradicate the infection. Sandwitch (1914) 
recorded fatal cases in spite of emetine treatment. Chalmers and 
Archibald (1915) point out cases of infections of prolonged duration up 
to three years or more. Barlow (1915) states that his patients who 
were treated for only three to six days with emetine, all relapsed. 
J. G. and D. Thomson (1916) expressed their opinion that insufficient 
treatment with emetine is dangerous as it converts the patient into a 
carrier. Dobell (1916) concludes that emetine hydrochloride given 
hypodermically in small quantities very rarely rids a carrier of 
E. histolytica infection. He states further that full courses of the drug 
(10 to 12 grains or more) are successful in about one-third only of the 
cases treated. Re-treatment with equal or larger amounts of the 
drug, of patients who have already received full courses of emetine 
offers little hope of success. Jepps (1916), Job and Hirzmann (1916) 
recorded similar results. 

Craig (1917) states that the drug has wonderful effect on the 
acute symptoms, but even if it is administered until toxic symptoms 
appear, it does not actually cure infection or prevent carriers, save 
in a very few cases. Wenyon and O’Connor (1917), after conducting 
the treatment of a great number of cases in Alexandria, come to the 
conclusion that the cases which are most difficult to rid of infection 
are not the carrier cases passing cysts without symptoms, but the 
acute cases passing blood and mucus in the stools with active amoebae 
containing erythrocytes. These acute cases have nearly all had a 
history of recurrent attacks of dysentery and generally previous 
emetine treatment. On the suggestion that the amoebae may 
acquire the power of resisting emetine, they comment in the following 
passage :—‘ It is very difficult to obtain precise information on 
this point, for, as already explained, the failure of emetine to cure 
may be due purely to mechanical reasons of poor circulation or other 
causes.’ They, on the other hand, give a record of ‘ a liver abscess in 
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which in spite of treatment by a full course of emetine injections, and 
irrigations of the abscess cavity, amoebae were constantly detected 
in the pus.’ Amoebae from this pus were mixed with an emetine 
solution and watched by them under the microscope. The amoebae 
moved actively in the liquid and only came finally to rest after the 
expiration of ten minutes. They state that the emetine solution 
in which the amoebae were moving was many times in excess of the 
usual I in 100,000 which, it is claimed, kills them at once. They 
express their opinion on this point as follows: ‘ Whether these 
amoebae were emetine-resistant or not, cannot be decided till 
similar observations are made with amoebae from abscess in cases 
which have not received previous emetine treatment.’ 

Mayer (1919) states that he has observed emetine-fast races in 
chronic amoebiasis. Macadam (1918), Hage (1923), Willmore (1923), 
and Oliver (1924), give records of disappointing results and of a 
great number of relapses after emetine treatment. Sellards and 
Leiva (1923) consider that recovery from amoebic dysentery results 
from the natural resistance of the host and a moderately toxic action 
of emetine on the entamoebae. 

Drake-Brockman (1926) considers that the excessive use of 
ipecacuanha and its derivatives renders the amoebae emetine-fast. 
Brown (1928) states that certain cases seem to be very resistant to 
treatment. Knowles and his co-workers (1928) have published a 
detailed paper dealing with the whole question of the treatment of 
Amoebiasis. They, after reviewing the literature on the subject, 
conclude that the general consensus of opinion appears to be ‘ (a) that 
emetine injections are by far the most satisfactory immediate line of 
treatment for amoebic dysentery, but (0) that emetine therapy is 
generally a failure in the treatment of the carrier condition.’ They 
write further that : ‘ It has been shown by S. P. James (1926) that 
primary malaria, as therapeutically induced in the treatment of 
general paralysis of the insane, is a disease which is very readily 
amenable to quinine treatment ; only a few days of quinine treatment 
are necessary to effect a cure without relapses. On the other hand, 
the experience of all workers in the tropics is that established and 
relapsing malaria is very difficult to eradicate. Possibly a similar 
state of affairs exists with regard to amoebic infection.’ 

It is interesting to note Plehn’s (1927) records of quinine-resistant 
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strains of the plasmodia of man, and his endeavour to explain how the 
parasites remain unaffected while the condition of the patient has 
generally improved. His three explanations are the following :— 


‘(1) The biological properties of the quinine-resistant parasites will be, through 
quinine directly or indirectly, so changed that they produce no poisonous metabolic 
products, while they maintain their vitality and reproductive power, 


Or 


(2) The action of quinine is not only parasiticidal, but at the same time anti- 
toxic, i.e., it eliminates the manifestations of the disease not only through its destruc- 
tion of the parasites, but by means of its direct action on the metabolic products 
without destruction of the parasites themselves. Parallel to this is the inhibitory 
action of quinine on certain ferments (lipase and invertase). 


(3) The symptoms of the disease are produced not directly by the toxins of the 
parasites but by the products of the reaction of the human organisms. ‘The quinine 
prevents this reaction either by paralysing the products in a similar way, as in the 
case of the lipase poisoning, or it paralyses the cells which produce these products 
without however, attacking the quinine-resistant parasites.’ 


These, of course, as the author states, are mere hypothetical 
explanations, but in any case they throw light on what might take 
place when the plasmodiae, amoebae, or trypanosomes acquire 
certain resistance to drugs. 

Here, on the other hand, reference must be made to the 
experimental work of Dobell and Laidlaw (1926), on the action of 
ipecacuanha alkaloids on Entamoeba histolytica and other entozoic 
amoebae of man. These authors state that ‘ Emetine and cephaline 
have been found to be specific poisons for Entamoeba histolytica 
under natural conditions.’ They write further that : 


‘In another series of experiments an attempt was made to ascertain whether 
Entamoeba histolytica is able to acquire a resistance to emetine by prolonged cultiva- 
tion in the presence of tolerated doses of the alkaloid. ‘The experiments were made 
as follows: One of the positive cultures of /. histolytica in I in 50,000 emetine was 
taken, and successive sub-cultures were made into a medium containing the same 
amount of alkaloid. In this way the strain was cultivated with difficulty in 1 in 
50,000 emetine for over a month. From time to time during this period, sub- 
cultures were made into higher concentrations of emetine and if the amoebae 
survived, an endeavour was made to establish a resistant strain by subcultivation in 
higher concentrations. ‘Two results emerged from these experiments. First, it 
was found that continuous cultivation in I in 50,000 emetine was not smooth, or 
easy—growth being irregular and slow. A culture five or six days old was almost 
inferior to a one-day culture without alkaloid. Secondly, it was found impossible to 
secure continued growth in concentrations of emetine higher than I in 
50,000. These experiments, therefore, confirm the conclusions drawn from those 
previously quoted, and they also indicate that it is not easy—they suggest, in fact, 
that it is impossible, to obtain a strain of E. histolytica which is resistant to emetine.’ 


Vogel (1927), carrying out a similar work on the action of yatren 
on E. histolytica, in vitro, concludes that: (1) Yatren has direct 
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toxic action on EF. /ustolytica. A solution of 1: 100 kills the amoeba 
in a few hours ; I in 1,000 and I in 5,000 inhibit the reproductive 
power of the parasite and as a result the cultures die. (2) The 
amoeba could be cultivated with difficulty in 1 in 10,000 for ten 
generations. (3) The amoeba does not lose its reproductive power if 
subjected to Yatren solution of I in 1,000 for fifteen hours, but if 
left longer it cannot multiply any more, if inoculated on a normal 
medium. 

In my opinion these authors were endeavouring to prove the 
absolute toxicity of these drugs employed in their experiments with 
E.. histolytica. They also carried out their experiments over a very 
short time. They have begun with a concentration nearly lethal to 
E. histolytica, in vitro, instead of beginning with very weak concentra- 
tion and gradually raising it, till finally a very strong concentration is 
reached. 

Here, in this present work it is clearly shown that the amoebae 
which were graduated systematically through emetine, over a period 
of nearly five months, were far superior in resisting the drug, to 
those which had not been cultivated on emetine media at all. 

Yorke and Adams (1926) have shown that cysts of FE. histolytica 
are remarkably resistant to emetine and yatren. They have also 
(1927) shown that freshly-passed faeces contain something which 
inhibits excystation. Therefore the opinion expressed by Mayer 
(1919), that relapses after treatment may be normally due to the 
cysts hatching inside the intestine, is hard to accept. 

Some authors (Wenyon and O’Connor, 1917, and others) attribute 
relapses after treatment to mere mechanical reasons such as poor 
circulation, yet they admit that cases very difficult to rid of infection 
are those exhibiting acute relapses and passing blood and large 
vegetative forms of amoebae containing erythrocytes. 

Dobell and Laidlaw (1926) were inclined to attribute the 
incurability of these human cases rather to the peculiarity of the 
patient than to his parasite. They suggested then a rapid excretion 
of the drug by the kidney of man similar to that which occurs in 
the cat, so that little or none of it reaches the bowels. The same 
authors (1928) state that the amoebicidal efficacy of emetine depends 
also on the reaction of the medium. 

Oliver (1924) states that the treatment of amoebiasis by emetine 
was more successful in hot weather than in winter. 


: 
; 
| 
| 
| 
| 
| 
te 
: 
| 
} 


286 


SUMMARY 


The workers on this problem are, and will probably long remain 
divided in their theories as to the cause of resistant cases. The chief 
and most feasible of these theories advanced are :— 

1. An acquired resistance to emetine by Entamoeba histolytica 
after inefficient treatment. 

2. Mechanical causes such as fibrosis around the diseased tissues 
preventing access of the drug via the blood (Wenyon and O’Connor, 
1917, Knowles and his co-workers, 1928). 

3. Excystation of the resistant cysts in the bowels after cessation 
of treatment. (Mayer, I919.) 

4. The hydrogen-ion-concentration plays a role in the efficacy 
of the drug. (Dobell and Laidlaw, 1928.) 

5. Rapid excretion of the drug by the kidneys preventing it 
reaching the site of the lesion, as in the case of the cat. (Dobell and 
Laidlaw, 1928.) 

6. A diminution of the curing properties of the drug during the 
cold weather (Oliver, 1924) 1s possibly associated with a change in the 
endocrine rate of metabolism leading to a loss of resistance on the 
part of the patient. (Knowles and co-workers, 1928.) 

Whatever may be the cause, or combination of causes of the 
occurrence of cases of amoebic dysentery resistant to emetine in 
spite of prolonged treatment, the results of my experiments lead me 
to conclude that one of the chief of these, is a tolerance to the drug 
gradually acquired by the amoebae. My culture of Mena Strain 
already showing some signs of resistance higher than the amoebae of 
the other three strains, was finally exalted through emetine tubes 
to a resistance four times that of untreated amoebae of the same 
strain, eight times that of the amoebae of V and G Strains, and 
five times that of the amoebae of Dobell and Laidlaw (1926). These 
results shed light on the interesting phenomenon of acquired 
drug tolerance already known to exist, to even a greater degree, 
among other parasitic members of the phylum protozoa. 
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PLATES VIII, LX, X AND MAP 


I. INTRODUCTION AND SUMMARY OF PREVIOUS 
OBSERVATIONS 


The attached map shows that the Cape Lighthouse Peninsula is a 
mushroom-shaped piece of land lying west of Freetown and com- 
prising an area of about 700 acres. This district, if it were completely 
free of tsetse, would appear to be an excellent site for the establish- 
ment of an experimental cattle and sheep station. Healthy cattle, 
imported from other countries for breeding purposes, could be safely 
landed at its northern extremity without the danger of infection 
usually incurred by an overland journey through districts where 
fly occur, while its separation from the mainland by the long isthmus 
would render negligible the danger ofits being invaded by ‘ travelling 
fly.’ 


Unfortunately, G. palpalis is very prevalent in the area, and it is 
in connexion with a scheme for ridding the Peninsula of tsetse that 
various authorities have carried out observations, commencing with 
Yorke and Blacklock (1915) and continuing until the writers’ observa- 
tions in 1928 and 1929. So far as we are aware, the records quoted 
are almost the only ones concerning trypanosomiasis in Sierra Leone. 
These intermittent investigations, which extend over a period of 
fourteen years, represent a rather more lengthy observation of one 
isolated area than is usually possible in the tropics and are of special 
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interest because bush-clearing as an anti-fly measure was in progress 
during the latter six years. Before detailing our results it appears 
advisable to give a brief summary of those obtained by previous 
workers. 

1. Yorke and Blacklock (1915a and 1915b). These observers 
record that a few cases of human trypanosomiasis existed in the 
area, but they did not personally examine either the human or 
animal population. They dissected 400 fly and showed that 5-2 per 
cent. were infected with trypanosomes, the anatomical distribution 
of infection being 71 per cent. in the proboscis alone, 19 per cent. in 
the proboscis and gut, and 9-5 per cent. in the gut alone, none being 
infected in the salivary glands. They showed that the number of 
fly present at various parts of the Peninsula was considerable, but 
did not express these results numerically. Their main investigation, 
carried out during the months December to February, inclusive, 
concerned itself with a very thorough examination of the breeding 
places and bionomics of G. palpalis. Their results appear to prove 
conclusively that the breeding places at that time were confined 
almost exclusively to the shade of the oil palm (Eloeis guineensis). 
At this period of the year they found an average of ten to twenty 
pupa-cases under every oil palm examined. They recommended 
that in order to destroy the breeding places of the fly, the lower 
petioles of the young oil palms should be stripped. 

2. Blacklock (1922) studied the same area during July and 
August. He did not examine the human or animal population but 
confined his attention to the prevalence of fly, their breeding places, 
and the proportion of fly infected with trypanosomes. He showed 
that the number of fly caught per boy per hour was represented by 
the figure 4-8. The percentage of infected fly was 5-9, as compared 
with Yorke and Blacklock’s figure of 4:7 per cent. for the 1914 
investigation. He dissected 471 flies, twenty-eight (5-9 per cent.) of 
which were infected in the proboscis and one in the salivary glands. 
Blacklock did not include an examination of the gut in all his 
dissections and this omission tends to reduce his figure for the 
percentage of infected fly to a lower figure than was actually the case ; 
that this discrepancy is negligible is proved from Yorke and 
Blacklock’s (1915b) and our own 1928 and 1929 figures, which 
show that out of a total of 1,595 fly dissections, only eight (0-5 per 
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cent.) were infected in the gut alone. Blacklock’s (1922) figures for 
the percentage of fly found infected are, therefore, comparable 
with other observers’ results. He repeats Yorke and Blacklock’s 
recommendation as to the stripping of the young oil palms and 
suggests that undergrowth should be cleared and all cleared areas 
should be planted with Efwatakala grass (I*. minutis). This recom- 
mendation was accepted by the Colonial Government and clearing 
was commenced, the areas, as cleared, being planted with Efwatakala 
grass. It may be mentioned at this point that, in the opinion of 
those competent to judge, this crop has proved a complete success 
in Sierra Leone. It grows well, spreads rapidly, forms an excellent 
pasturage for cattle and appears to impede the growth of other 
vegetation ; the fact that it does not in itself constitute a breeding 
place for Glossina will be dealt with later. 

3. Blacklock (1924) re-examined the same district during 
August and September of that year,-at which time a small area of 
about 800 square yards had been cleared. He noted a most 
remarkable reduction in the number of fly caught in the cleared as 
compared with the uncleared area ; this is shown by his statement 
that during a total period of ten hours spent in each area, no flies 
were caught by two boys in the completely cleared area, in distinction 
to twenty-four and fifty-nine flies caught, respectively, in the partially 
cleared and uncleared areas. He explains this remarkable reduction 
by (1) the destruction of Glossina breeding places, and (2) the actual 
killing of pupae by the trampling of labourers engaged in clearing the 
bush. This latter suggestion may have some bearing on our observa- 
tion that fly have since appeared in small numbers in this area after 
the completion of clearing. Blacklock carefully examined the 
cleared area for breeding places without success, but, owing to the 
limited time at his disposal, did not re-examine for pupae the 
uncleared areas which, during the dry season, had on the previous 
occasion yielded such a large number. It is possible that if he had 
examined the uncleared areas, a reduction might also have been 
found, for, as we show later, G. palpalis does not readily larviposit 
anywhere on the Peninsula during the rains. 

From the time of Blacklock’s report in 1924, till the commence- 
ment of our own observations in 1928, no further investigations were 
carried out but clearing was steadily continued. Unfortunately, 
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owing to financial and other considerations, the progress was slow ; 
however, by the end of 1927 the whole of the western portion of the 
peninsula had been cleared, i.e., area No. I on the map. At this 
time, early in 1928, we found several cases of T. gambiense infection 
among natives in the district and it was decided to re-investigate the 
question of trypanosomiasis in man and domestic stock on the 
Peninsula. It is with this work, carried out in 1928 and 1929, that 
our present paper deals. The 1928 part of the investigation was 
carried out by one of the writers (R. M. G.) and Dr. R. Aidin. Some 
of their results have been published in the Sierra Leone Annual 
Medical and Sanitary Report for 1928. For the purpose of the 
present paper this and the 1929 investigation will be considered 
together. The main object of the inquiry was to investigate the 
following points :— 

1. To what extent were the human population and domestic 
stock infected with trypanosomes, and what were the types of 
infections. 

2. What proportion of the fly were infected with trypanosomes. 

3. What species of trypanosomes were responsible for the fly 
infections. 

4. Krom what source were the fly obtaining these infections. 

5. lo what extent had the area so far cleared resulted in a 
local or general fly reduction. 

6. Were fly breeding in the cleared area and if so at what season 
of the year. 

We propose to show, in the paper which follows, that the facts 
obtained from our experiments and investigations have enabled us 
to supply a definite answer to some of these queries, and in the 
remaining instances to formulate a probable hypothesis. 


II. EXAMINATION OF THE HUMAN POPULATION AND 
DOMESTIC STOCK FOR TRYPANOSOMIASIS 


We may state here that the number of persons and domestic 
animals examined by us was disappointingly small. This was 
entirely due to the reluctance of the inhabitants to submit either 
themselves or their stock to any examination which included gland or 
vein-puncture, a difficulty not encountered in less civilised parts of 
Sierra Leone. This difficulty has already been referred to by other 
observers (vide Blacklock, 1922). 
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1. Examination of the human population. The population of the 
Cape Lighthouse Peninsula consists entirely of natives and almost 
exclusively of Creoles. With the exception of a few scattered 
farms and native squatters’ huts, the entire population of the 
Peninsula is concentrated in the village of Aberdeen which lies 
at the eastern extremity. The Cape Lighthouse, which formed our 
headquarters during the investigations and those of the observers 
already quoted, lies at the extreme western extremity, and houses 
a native population of about thirty persons, including women and 
children. The 1921 Colonial census estimates the population of 
Aberdeen at 500 persons, but the present population, exclusive of 
the scattered houses already referred to, is probably considerably 
in excess of this figure. 

Our examination was divided into two periods. From June 6th 
to July roth, 1928, clinics were held twice a week in the village of 
Aberdeen. All children attending school were examined, and all 
adults, whether or not requiring medical attention, were invited 
to attend. Apart from routine clinical examinations, the following 
data were recorded: (a) location of enlarged lymphatic glands, 
(b) presence of any obvious causes for the enlargement, (c) whether 
such glands were puncturable, (d) the results of blood examination, 
which included a ‘fresh film’ and stained thick and thin films. 
From the 23rd July to 3rd August, 1928, and from 30th August to 
30th September, 1929, we lived in the rest-house at the Cape Light- 
house Peninsula, and during these periods an attempt was made to 
re-examine all those cases which had previously aroused suspicions of 
trypanosomiasis ; gland puncture was performed on as many of these 
persons as permitted the examination. 

The results of these combined examinations were as follows :— 
two hundred and sixty persons were examined, and of these, 
71 were excluded as either being under five years of age, 
or not resident on the Cape Peninsula. The remaining 189 
persons were found to consist of 73 adults (30 males, 43 females) 
and 116 children (five to fifteen years of age). In each of 
the 189 cases the peripheral blood was examined by means 
of (a) a ‘fresh film,’ (0) a stained thin film, and (c) a stained 
thick film. In nineteen of these cases gland puncture was performed. 
In not a single instance were trypanosomes demonstrated in either 
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the peripheral blood or the cervical gland juice. The result of this 
examination of the inhabitants of the Cape Peninsula for trypano- 
somes was, therefore, completely negative. On the other hand, 
prior to the commencement of the investigation, we had demonstrated 
trypanosomes in the blood or gland juice of two individuals living 
in the village of Aberdeen. As only 189 persons, aged five years and 
upwards, presented themselves for examination it seems probable 
that, had it been possible to examine a larger proportion of the 
population, more cases would have been detected. Finally, certain 
cases, regarded by us as highly suspicious, were probably true cases 
of trypanosomiasis in whom partial immunity had developed, and the 
trypanosomes had become too scanty for detection by the ordinary 
methods of examination. It is impossible to discuss these cases in 
individual detail ; it is sufficient to say that certain cases of glandular 
enlargement accompanied by complaints of frontal headache and 
lethargy and, in a certain proportion of the cases, by auto- 
agglutination, appeared to be highly suggestive of trypanosomiasis. 
It is unfortunate that we were unable in the majority of such cases 
to carry out gland puncture. That trypanosomiasis may be wide- 
spread in a community without trypanosomes being demonstrable 
in the peripheral blood of the patients, is shown by Macfie and 
Gallagher (1914) at Eket in Nigeria, where they examined 962 natives 
and found 222 of these infected with trypanosomes. Amongst 
this large number of positive cases in not a single instance were 
trypanosomes demonstrated in the peripheral blood ; in each case 
they were found in the cervical glands, excision of the gland being 
resorted to when puncture failed. 

Our examination of the population at Aberdeen shows that 24 per 
cent. of adults and 71 per cent. of children have enlarged cervical 
glands. This high proportion of glandular enlargement is comparable 
with Macfie and Gallagher’s figures for highly infected districts in 
Nigeria. These figures are compared together in Table I, together 
with Gordon’s (1927) figures for a similar examination carried out in a 
village in Sierra Leone where trypanosomiasis has existed in the past. 

We have already referred to the fact that certain cases of glandular 
enlargement were associated with auto-agglutination. The technique 
used by us consisted in examining a drop of fresh peripheral blood 
under a coverslip, taking care that both slide and coverslip were 
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thoroughly clean. This technique is liable to certain errors, but it 
has the advantage of rapidity and this was necessary in order to 
examine all the natives awaiting attention at the clinic. Amongst 
seventy-three adults thus examined, nine (12 per cent.) gave a positive 
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Showing the incidence of enlarged cervical glands amongst children and adults. (1) Adapted 
from Macfie and Gallagher’s (1914) figures for Mpok, Nigeria, where trypanosomiasis existed in the 
past but is now almost unknown ; (2) Macfie and Gallagher’s figures for Ikot Offong, where trypano- 
somiasis was very prevalent at the time of their observations ; (3) At Mabang, where trypanosomiasis 
has occurred in the past but has not been recorded for several years; (4) At the Cape Lighthouse 
Peninsula. 


| Macfie and Macfie and 
| Gallagher (1914), | Gallagher (1914),| Gordon (1927), | Gordon and 
Mpok, Nigeria. Ikot Offong. Mabang. Davey (1928-29). 
| Total adults, Total adults, Total adults, Total adults, 
| 528. 68. 129. 73- 
| Total children, | Total children, | Total children, | Total children, 
| 297. 69. 83. 116. 
Percentage of adults with | 
enlarged cervical glands 1°5 27 
+++ 
Percentage of adults with 
enlarged cervical glands 657 6-9 19°2 
4. 
Percentage of adults with 
no enlargement of the 33°9 64°7 g1-6 78:1 
cervical glands. 
Percentage of children with | 
enlarged cervical glands 21°8 20°7 
++. | 
Percentage of children with 
enlarged cervical glands 86:5 69°5 19°2 47°4 
+. 
Percentage of children with 
no enlargement of the 10°8 8-7 69°7 31°9 
cervical glands. 


reaction and among 116 children, fourteen (12 per cent.) were 
similarly positive. Four of these cases had their blood re-examined 
on a later date and all four gave a similar result. There appears to be 
a certain association between positive auto-agglutination tests and 
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glandular enlargement ; thus, of the twenty-three cases that gave 
a positive auto-agglutination, sixteen (70 per cent.) were associated 
with enlarged cervical glands. 

(2) Examination of domestic stock. The domestic animals on the 
Peninsula consist of cattle, sheep, goats and dogs, the keeping of pigs 
being illegal. During the period of our investigation the only 
cattle resident on the area were two oxen, ‘ pensioners’ from the 
Sanitary Department, which had been in residence on the cleared 
area for five years. These two animals were repeatedly examined 
by means of ‘ fresh films,’ and finally 10 c.c. of blood were obtained 
from each by vein-puncture and the centrifuged deposit examined 
with negative results. Three other oxen were kept for a short time 
at a small farm which adjoins the Lumley beach, and these also 
proved to be negative for trypanosomes. On some occasions quite 
large herds, forty or more animals, can be seen grazing on the grass 
adjoining Lumley beach. These animals are on their way down from 
French Africa; during the period that we had the area under 
observation, herds were only seen on two occasions and then only 
during the course of one day. 

Sheep and goats are numerous but it is impossible to give any 
exact figure for their numbers, probably 150-200 being kept by the 
inhabitants. Forty-four sheep and twenty-seven goats were 
examined by a single ‘ fresh film,’ in one of these animals 10 c.c. of 
blood being also centrifuged and examined: in no instance were 
trypanosomes discovered. It is impossible to obtain any exact data 
regarding the mortality amongst the domestic sheep and goats at 
various ages, but the result of our enquiries has convinced us that 
the death rate is low and that the Cape Peninsula forms an excellent 
breeding place for the local race of sheep and goats, although it seems 
highly improbable that imported animals, under the present 
conditions, would survive exposure to infection. This is borne out 
by the experiments detailed in Table IV, which are referred to later, 
where it is shown that two out of three imported lambs developed a 
virulent type of 7. vivax infection which resulted in their death 
within a month. 

Dogs are very common in the village of Aberdeen, but it was not 
considered practicable to carry out an examination of their blood ; 
routine laboratory examination of dogs, kept by Europeans in a non- 
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infected area but occasionally exposed to tsetse-fly when their owners 
are bathing at Lumley beach, shows that a high proportion of such 
animals develops T. congolense infection. 


III. PROPORTION OF FLY INFECTED WITH TRYPANOSOMES 


All the flies recorded below in Table II were captured by trained 
fly boys on the Cape Peninsula, the majority being taken in or around 
the village of Aberdeen. Flies thus captured were examined as to 
their species, and all, as in previous surveys, found to be G. palpalis. 
They were then either immediately dissected, or else transferred to 
clean ‘ feeding bottles’ and, after twenty-four to forty-eight hours’ 
starvation, fed on experimental animals which had been proved free 
of trypanosome infection ; after the completion of their feed they 
were again starved for twenty-four to forty-eight hours and then 
dissected. 

II 


Showing the percentage of infected fly noted by different observers, during various periods, on the 
Cape Lighthouse Peninsula. 


| 
Percentage of 
Authority and date Period of year | Number of Total flies flies found 
| flies dissected | found infected infected 
| 
Yorke and Blacklock (1915) ...| Decemberto | 4.00 21 5:2 
February 
| 
Blacklock (1922) si ...{ July to August 471 28 59 
Gordon and Aidin (1928) ...| July to August 209 40 Ig'l 
| 
Gordon and Davey (1929) ...| September 986 96 9°7 


These figures show a considerable fluctuation in the proportion of 
the infected fly in different years, but there would appear to be a 
definite increase in the percentage of trypanosome infection during 
the more recent years. 
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V. THE SPECIES OF TRYPANOSOMES OCCURRING IN 
INFECTED FLY 


We have already quoted Yorke and Blacklock’s (1915) figures, 
showing the anatomical sites of infection with trypanosomes amongst 
the 400 fly they dissected at the Cape Lighthouse Peninsula. Basing 
their opinion on the anatomical sites of infection in the twenty-one 
infected flies they concluded that of the 400 flies examined, fifteen 
(3:75 per cent.) were infected with 7. vivax, four (I per cent.) with 
T. congolense and two (0-5 per cent.) with a trypanosome belonging 
either to the 7. congolense or T. gambiense group. They found no 
salivary gland infection amongst the 400 fly dissected. Blacklock 
(1922), amongst 471 flies dissected, found one infected in the salivary 
glands. As he did not include the gut in all his dissections, he 
draws no conclusion as to the respective proportion of 7. vivax and 
T. congolense infections. 

The present writers during 1928 dissected 209 flies, of which 
thirty-five (16-7 per cent.) were infected in the proboscis alone, two 
(I per cent.) in the proboscis and gut, and three (1-4 per cent.) in the 
gut alone. In 1929 we examined 986 flies, of which 8-3 per cent. 
were infected in the proboscis alone, I-I per cent. in the gut and 
proboscis, and 0-3 per cent. in the gut alone. On neither occasion 
was any gland infection recorded. Wesummarise these figures below 
in Table IIT. 

It will be seen from Table III that the great majority of the fly 
infections are of the proboscis type, and that this is also responsible 
for the marked increase in the percentage of infected flies occurring 
in the years 1928 and, to a lesser extent, in 1929. It also shows that 
flies with a combined gut and proboscis infection were comparatively 
rare and that no noticeable increase in their numbers occurred in the 
later surveys. 

These anatomical sites of infection suggested that T. vivax was 
responsible for the majority of the infections, and T. congolense 
for the remainder. During our 1929 survey we determined to try 
and establish with certainty the exact species of trypanosome 
responsible, by means of careful morphological examinations of 
stained preparations from infected flies and also by attempting 
to transmit the different types of infections to sheep and dogs. 
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Tasre III 


Showing the percentage of infections occurring in the proboscis alone, proboscis and gut, and gut 
alone, amongst the flies dissected by different observers during various periods on the Cape Lighthouse 
Peninsula. 


Percentage of | Percentage of | Percentage of | Percentage of 
fliesfound —__filies with flies with flies with 
Total infected (other _ _ proboscis proboscis and | gut infection 
Authority and date flies than salivary | infection alone,| gut infections | alone, i.e., 
examined gland infections) 1.e., T. vivax 1.€., gambiense- 
type T. congolense congolense 
type type 
Yorke and Blacklock 
(1g1sb) ... 4.00 5°25 3°75 
Blacklock (1922)... 471 
Gordon and Aidin 
(1928)... 209 Ig! 16:7 
Gordon and Davey | | 
(1929)... 986 9°7 | 8-3 | I'l 03 


* Gut infections omitted. 


(1) Experiments in the transmission of fly infections to sheep and 
dogs. Four lambs and three puppies were used in the experiments. 
In the case of the lambs, before feeding experiments were commenced, 
10 c.c. of their blood were centrifuged, and in the case of the puppies, 
numerous fresh preparations were examined ; all were found to be 
negative. The animals were examined by means of ‘ fresh films’ 
for various periods after fly had been allowed to feed on them. 
Nine hundred and twenty-two fly were fed on the animals and 
subsequently dissected. The results of the experiments are shown 
in Table IV. 

The large number of flies used in the puppy experiments was 
necessitated by the unexpected scarcity of gut-infected flies which 
happened to occur at the time that these experiments were in progress. 

(2) Morphological appearances. Lloyd and Johnson (1924) state 
that 7. vivax infections in the fly may be sharply differentiated from 
T. congolense by the fact that T. vivax obtained from the hypo- 
pharynx always possesses a free flagellum, whereas, in 7. congolense 
infections of the same site the flagellum is invariably absent. Our 
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examination of ninety-six infected fly is in agreement with their 
statement, for in no case where a proboscis infection was accompanied 
by a gut infection did we find trypanosomes with a free flagellum 
in the hypopharynx. The entire absence of salivary gland infections 
precludes the possibility of the presence of T. gambiense or T. brucet 
amongst the flies dissected. 

Tasie IV 


Showing the results of feeding 922 G. palpalis, caught on the Cape Lighthouse Peninsula, on 
lambs and puppies. 


No. of No. of 
Total} flies with | flies with 


No. | Animal | From where fly | proboscis | proboscis | Results of feeding infected fly 
obtained fed | infection | and gut 
infections 
1 | Lamb | Tsetse free area 40 3 2 Developed 7. vivax and died 


25 days later. 


2 | Lamb | Tsetse free area 64 3 2 Developed T. vivax and died 
35 days later. 

3 | Lamb | Tsetse free area 35 2 1 Developed no infection during 
35 days’ observation, then 


| injected with infected blood 

from lamb No. 1, developed 
| T. vivax 11 days later. 
| 


4 | Lamb | Tsetse Infected | 39 3 fe) Developed no infection for 21 
area days subsequent to the last 
infective fly feed. 


5 | Puppy | Tsetse free area | 136 14 ° Developed no infection. 
(Observed 1 month). 


6 | Puppy | Tsetse free area | 374 36 4 Developed T. congolense infec- 
tion. 
7 | Puppy | Tsetse infected | 234 15 ° Developed no infection. 
area (Observed 1 month). 


These transmission experiments and the morphological examina- 
tions of trypanosomes found in infected flies, show clearly that the 
species of trypanosomes occurring in G. palpalis on the Cape Light- 
house Peninsula are 7. vivax and T. congolense. The small percentage 
of flies infected in the gut alone might be carrying a 7. grayt infection, 
but the absence of crocodiles renders this very unlikely. 
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V. THE SOURCE OF T. VIVAX AND T. CONGOLENSE 
INFECTIONS 


We are in agreement with previous observers’ statements that 
the larger forms of wild life, with the exception of monkeys, squirrels, 
iguanas, etc., appear to be comparatively rare on the Peninsula, but 
deer undoubtedly exist in small numbers, and during 1929, one Harness 
Antelope and its kid were living in the cleared area. By means of a 
game-drive, consisting of about 200 beaters, an attempt was made 
to drive wild life from the Peninsula through the narrow isthmus at 
Man-o’-War Bay but, owing to the denseness of the bush, the drive 
was not successful and only one deer was seen. No attempt was 
made to examine the blood of wild animals, as their rarity in com- 
parison with the relatively large numbers of sheep, goats, and dogs, 
renders it unlikely that they form any important source of infection. 
These latter hosts must now be considered. The small proportion of 
T. congolense infections are almost certainly derived from dogs. Our 
failure to infect sheep by feeding 7. congolense infected flies upon 
them is of interest and suggests that they do not form a reservoir 
in this district.* Goats may be a source of T. vivax and T. congolense 
infection, but we carried out no transmission experiments. 

In order to account for the very high proportion of flies infected 
with JT. vivax, shown especially in the 1928 investigation, it is 
obvious that there must exist on the Peninsula a large number of 
animals capable of carrying on the infection in the fly. It would at 
first sight appear that sheep and goats are unlikely to be the cause, 
as judged by our failure to discover trypanosomes in the peripheral 
blood of the sixty-seven adult animals examined by means of a single 
‘fresh film.’ This apparent absence of trypanosomes from the 
peripheral blood of sheep and goats is, however, probably accounted 
for by these animals becoming infected when very young and 
developing a partial immunity. Such an immunity would reduce 
the number of trypanosomes appearing in their peripheral blood to so 
low a figure that a single ‘ fresh film ’ preparation would fail to reveal 
trypanosomes in this, or subsequent infections. In one instance, 
namely Lamb No. 1 referred to in Table IV, we have observed this 


* After the completion of our experiments in Sierra Leone, sheep No. 3 (referred to in 
Table IV) was shipped to England where it subsequently developed T. congolense, in addition to its 
existing J. vivax infection. 
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phenomenon. This animal developed a T. vivax infection as a result 
of fly being fed on it. The disease rapidly developed so that four or 
five trypanosomes were easily found in a single coverslip preparation. 
For some weeks after this, however, the concentration of the trypano- 
somes diminished until even the examination of several ‘ fresh films ’ 
failed to reveal their presence, but at this time a coverslip preparation 
from a centrifuged specimen of I0 c.c. of venous blood, showed a 
large number of trypanosomes. It is obvious that such an animal, 
although apparently negative when examined by means of a few 
‘fresh films,’ would still be capable of infecting a high proportion of 
the Glossina which fed upon it. Pomeroy and Robinson (1929) have 
observed a similar state of affairs in bullocks infected with T. vivax in 
the Gold Coast. 


VI. THE RESULTS OF BUSH CLEARING ON REDUCING THE 
NUMBER OF FLY 


Clearing of the Cape Lighthouse Peninsula was not commenced 
until 1923, from which date till the present time it has been continued, 
whenever labour and funds were available. The main clearing has 
been from the extreme western portion of the Peninsula towards the 
village of Aberdeen, situated at the eastern extremity, but certain 
disconnected clearings of intensely infested areas near the village 
have also been made. The attached map shows the extent of the 
main clearing which has so far been accomplished. From this it will 
be seen that the entire western extremity and the isthmus connecting 
it to the mainland have been cleared. The observations which follow 
are mainly concerned with determining whether this complete clearing 
has resulted in a reduction in the proportion of fly captured on the 
cleared area, as compared with the proportion of fly captured on the 
uncleared and partially cleared areas, constituting the remaining 
portion of the Peninsula. In addition we investigated whether any 
general reduction in the total number of fly throughout the Peninsula 
had resulted from this isolated clearing. It is obvious that such 
observations should be made at the same season in various years, and 
our examinations, carried our during 1928 and 1929, were therefore 
undertaken in July, August and September, in order to coincide, 
so far as possible, with the periods of survey of previous workers. 
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A comparison of these surveys is simplified by the fact that, as 
already recorded, G. palpalis is the only species of tsetse occurring 
in the district. 

Yorke and Blacklock (1915a) stated that the fly were common 
throughout the Peninsula, but did not express this numerically. 
In Table V, we show the results obtained by ourselves in 1928 and 
1929 and compare these figures with those of Blacklock, in 1922, 
before the clearing had commenced, and in 1924, some time after its 
commencement. 

Taste V 


Showing the number of flies captured per boy per hour, as noted by different observers during 
various periods, on the Cape Lighthouse Peninsula. 


Flies Flies 
Uncleared area Cleared area per boy __ per boy 
perhour _ per hour 
Authority and date Total Total Total Total captured captured 
time spent fly time spent fly in | in 
in hours captured | in hours | captured | uncleared cleared 
area area 
Blacklock (1922). Before | 
clearing commenced... 57 | 272 4°8 
| 
Blacklock (1924). A few | 
months after clearing 
commenced _.... 20 83 72 | 4°2 
Gordon and Aidin (1928) ..., 123 | 236 30 62 1°9 21 
Gordon and Davey (1929)...| 283 | 745 290 50 2°6 O17 


This table would appear to prove that clearing has reduced the 
number of fly occurring in the cleared area as compared with the 
uncleared area, and has been associated with a similar though 
lesser reduction in the number of fly over the whole Peninsula. This 
observation is supported by the fact that far fewer pupae were 
collected by us in our 1929 investigation than were found by Yorke 
and Blacklock, in a similar investigation, which they conducted in 
1915, long before any clearing had been commenced. Blacklock’s 
observation of the entire absence of fly from the cleared area in 1924 
is an extremely interesting one. That they really were absent 
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appears to be proved by the fact that he offered a reward of one 
shilling for every single fly captured on the cleared area and that this 
reward was never claimed, although the same boys captured 
numerous fly in the immediately adjacent uncleared area. He 
believes that not only were fly prevented from larvipositing by the 
destruction of their breeding places, but that pupae already deposited 
had been destroyed by the trampling of the clearing gang. 

We can offer no explanation of the relatively large proportion of 
fly captured on the cleared area during 1928. 

To sum up the situation at this stage of the investigation ; from 
the facts already noted, we believe we are in a position to state that 
whereas human trypanosomiasis is endemic on the Peninsula and 
that chronic benign cases probably exist undetected, it only plays a 
negligible part in accounting for the high percentage of infected flies 
(5 per cent. to Ig per cent. according to various observers). This 
infection is due for the most part to 7. vivax and, to a much less 
extent, to 7. congolense. The chief source of the 7. vivax infection 
is undoubtedly sheep, and possibly goats. Dogs are, in all 
probability, mainly responsible for the 7. congolense infection in the 
remaining small percentage of infected flies. This high percentage 
of infected flies which apparently obtain their infection from a 
reservoir of native domestic animals, renders the Cape Lighthouse 
Peninsula, under such circumstances, worthless as a site for the 
establishment of an experimental cattle and sheep station. We 
have also shown that the very small clearing so far effected has 
resulted in a most remarkable reduction in the number of fly occurring 
in the cleared, as compared with the uncleared areas. It remains to 
be shown if a further extension of the clearing will result in reducing 
the number of fly occurring on this area to a figure of negligible 
importance. This involves a consideration of the local breeding 
habits of G. palpalts and the effects upon them of bush clearing. 


VI. LOCAL BREEDING HABITS OF G. PALPALIS AND THE 
EFFECTS UPON THEM OF BUSH-CLEARING 


Yorke and Blacklock (1915a) proved clearly that the breeding 
places of G. palpalis on the Cape Lighthouse Peninsula are almost 
exclusively confined to the shade of the oil palm (Eloeis guineensis), 
where pupae were to be found in very large numbers. Their observa- 
tions were confined exclusively to the dry season. A subsequent 
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observation by Blacklock (1924) of a small portion of this area, 
which had been recently cleared, failed to reveal any pupae but, 
for the reasons already given, he did not carry out any control 
observations in the uncleared area. It is important to note that this 
investigation, in contradistinction to that of 1915, was carried out 
during the wet season. During 1928 no observations were made on 
the breeding habits of G. palpalis and the remarks that follow refer 
exclusively to our work in 1929. 

On various occasions during the dry seasons of the past four years, 
we have confirmed Yorke and Blacklock’s observation of 1915 
regarding the finding of pupae under the shade of oil palms, although 
we never succeeded in collecting nearly as many pupae as these 
authors recorded. During September, 1929 (i.e., during the rains) 
we examined very thoroughly various likely sites on the cleared 
area for pupae. The method we employed was as follows. A 
suitable site, usually a young oil palm which had escaped the notice 
of the clearing gang and which had its lower petioles intact, was 
selected, the neighbouring bush cut away, and finally the surrounding 
earth or sand for a distance of two to three feet was removed to a 
depth of one inch. This earth was placed in a receptacle, labelled, 
brought back to the laboratory and subsequently examined by 
scattering it over white enamel trays. All work was carried out under 
our personal supervision, and we found it essential to make use of 
natives, whom we had carefully trained, in order to avoid any 
unnecessary trampling or removing too deep a layer of earth. 

That a considerable quantity of ground suitable for breeding 
places, was examined in this thorough manner is shown by the fact 
that it required about four hours to examine the material collected 
from a single site and that twelve such sites were examined on the 
cleared area. Our results completely confirmed Blacklock’s observa- 
tion in 1924: not a single pupa was discovered. 

In order to control this result we next proceeded to examine, in 
an exactly similar manner, ten selected sites on the uncleared area, 
including several sites which on previous occasions, when examined 
during the dry season, had yielded pupae. Contrary to our expecta- 
tions we found not a single pupa in nine of the selected sites and only a 
solitary pupa case in the remaining one. Assuming that the sites we 
selected were suitable ones, and previous experience convinced us 
that such was the case, only two explanations for the absence of 
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pupae are possible. Either fly are no longer breeding on the Peninsula 
or else they were not larvipositing up to the time that we made our 
observations. In view of the large number of fly which we have 
shown still to be present in this area, and that fly on the neighbouring 
mainland are far less numerous than on the Peninsula, the first 
explanation appeared to us to be highly improbable. In order to be 
sure that fly were still breeding on the uncleared area and also to 
ascertain to what extent they were breeding on the cleared area, we 
examined similar sites selected from the same districts of the cleared 
and uncleared areas during the dry season of 1930 with the following 
results. 

During February, 1930, using an exactly similar technique to that 
already described, we examined ten likely sites on the cleared area. 
At this time the clearing was so complete that these ten sites repre- 
sented, in our opinion, all the suitable breeding places. This 
examination only resulted in the finding of two pupa cases. In 
distinction to this an exactly similar examination of twenty sites on 
the remaining uncleared area yielded thirty-one pupa cases. Of the 
thirty-three pupa cases, five contained living pupae which eventually 
hatched in the laboratory. 

Thirty-two of the thirty-three pupa cases were found under 
unstripped young oil palms, although the earth below shrubs, fallen 
logs and in rock crevices was also examined. The remaining pupa 
case was found in the earth inside a hollow baobab tree from which 
Yorke and Blacklock, in 1915, recorded the finding of eighteen 
puparia. 

This restriction of larvipositing to the dry season, on the part of 
G. palpalis, in Sierra Leone, is extremely interesting and is further 
confirmed by certain other observations made during 1928 and 
1929, on the proportion of female fly which contained larvae. During 
July and August, 1928, and the first half of September, 1929, not a 
single larva was recorded amongst the fly dissected, but from the 
second half of September to the close of our observations at the end of 
October, a more or less steady increase in the proportion of female 
flies containing larvae was noted. These results are shown in the 
following graph. 

It is of interest to record that third instar larvae were only 
observed in utero during the latter half of October. 
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In view of these results, we are inclined to think that G. palpalis 
does not breed on the Cape Peninsula during the wet season. We 
have proved that they certainly do not breed there during the latter 
months of the wet season, but further observations are required to 
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Graph showing the increase in the proportion of pregnant G. palpalis towards the conclusion of 
the wet season, as noted on the Cape Lighthouse Peninsula in 1928 and 1929. 


discover if this inhibition extends throughout the wet season, and 
also to show for how long during the dry season the larviposition 
continues. Johnson and Lloyd (1923) discussing the breeding habits 
of G. palpalis in Northern Nigeria write as follows :— 


‘ Although this fly is prevalent in many places that we have visited, it was 
really numerous only on the Niger at the end of the rains, on the large rivers of 
Nassarawa, and on the Benue about Abinsi. Consequently, searches for pupae 
revealed only small numbers. ‘They were collected in twenty positions, in every 
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case in sand, with or without vegetable debris overlying it. These were always 
very close to water. In fourteen instances there was shrubby undergrowth above 
the pupae or closely backing the sand-bank in which they were found ; twice 
(eighteen and one pupae respectively) they were below sloping tree-trunks ; 
once (thirteen pupae) focussed around a small upright dead stump with thin shade 
20 feet above; and once (two empty cases) very exposed with the scantiest 
of high shade above them. In eighteen cases there were high, thin ever-green shade, 
and in two instances this was lacking, there being shrub shade only. ‘The positions 
are thus quite similar to those described for this species in East Africa. Particularly 
favourable sites were the high sand-banks thrown up where a small stream joins a 
larger one. In one such spot 140 pupae were collected by two searchers in a few 
minutes. 

During the rains the searches failed to reveal any pupae beyond an 
occasional old case, all the normal breeding grounds being then inundated or water- 
logged. ‘There was also a little evidence obtained by dissections that the rate of 
breeding is restrained in the height of the rains and at their close. In the late rains 
(September and October), out of fifty-nine females examined only thirteen (22 per 
cent.) were pregnant ; while in the dry season (December, January, March) and 
early rains (April), out of 172 females dissected, 117 (68 per cent.) contained larvae.’ 


It would appear, therefore, that G. palpalis larviposits at similar 
periods of the year in Sierra Leone and Northern Nigeria. The 
sites of larviposition, however, appear to be different. In Sierra 
Leone the finding of pupae is almost exclusively confined to the 
shade of young oil palms sometimes far from water ; in Nigeria, on 
the other hand, the main object of the fly appears to be to deposit 
its larva near water, and in order to achieve this it will accept almost 
any available type of shade. Our observations in Sierra Leone 
clearly invalidate any conclusions, regarding the effect of clearing, 
based on the absence of G. palpalis pupae from suitable breeding 
sites examined during the wet season. On the other hand, our 
investigations conducted during the dry season appear to show 
that far fewer fly are larvipositing in the cleared than in the uncleared 
areas, and that the local clearing has reduced the number of pupae 
occurring in both the cleared and uncleared areas at the Cape Light- 
house Peninsula. 


VII. SUMMARY 


1. Evidence is produced that human and animal trypanosomiasis 
have been endemic on the Peninsula at Sierra Leone, at any rate since 
the beginning of observations in I9I5. 

In the case of human trypanosomiasis, only a few cases of 
T. gambiense infection of the blood or glands have been recorded 
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amongst such of the Creole population as permitted this form of 
examination. We are of the opinion, however, that chronic benign 
cases are more numerous amongst the population than these findings 
suggest ; for there was found to exist in this area an abnormally high 
proportion of the natives, especially children, with enlarged cervical 
glands. Some of these also exhibited other signs and symptoms 
such as auto-agglutination, frontal headache, lethargy, etc., very 
suggestive of trypanosomiasis. It seems likely that some of these 
were true cases of trypanosomiasis in whom partial immunity had 
developed and had rendered the number of trypanosomes too scanty 
for detection except by repeated examinations. 

In the case of domestic animals, such as sheep, it has been demon- 
strated that the local animals must almost certainly become infected 
with 7. vivax early in life, and that such animals, at a later stage, 
although still capable of infecting a high proportion of the G. palpalis 
which feed upon them, do not possess sufficient trypanosomes in the 
peripheral blood for these to be demonstrable by the ordinary 
coverslip preparations. 

2. It is shown that throughout the investigations from 1915 to 
1929, a high proportion (5-2 per cent. to Ig-I per cent.) of the fly 
were found infected with trypanosomes. It is further shown that a 
marked increase in the proportion of infected fly occurred during the 
year 1928 and to a lesser extent during the year 1929. 

3. Asa result of a series of observations, involving transmission 
experiments with sheep and dogs and the morphological examination 
of stained preparations made from infected flies, it is proved that 
this high proportion of infection amongst the fly is due to 7. vivax 
and T. congolense, the former representing the great majority of the 
infections and being mainly responsible for the marked rise in the 
infection rate observed by us during the years 1928 and 1929. 

The 7. gambiense, T. brucei type of infection is of rare occurrence 
amongst fly captured on the Peninsula. Thus of approximately 
1,200 fly dissected by us, none were found infected in the salivary 
glands, while of 800 fly dissected previous to our investigations, only a 
solitary positive gland infection was noted. 

4. Transmission experiments conducted with sheep show that 
these animals are in all probability the main reservoir from which the 
G. palpalis obtain their T. vivax infection. Similarly, dogs (and 
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possibly domestic goats) are responsible for the 7. congolense type 
of infection. 

Wild game is shown to be of negligible importance as a reservoir 
of trypanosome infection. 

5. The clearing so far accomplished on the Cape Peninsula has 
resulted in a marked reduction in the number of fly on the cleared 
area, and has been associated with a similar though lesser reduction 
on the uncleared area. Thus the average figure for the number of 
fly captured per boy per hour before clearing (1922-1924) was 4:5, 
while our figures, recorded after partial clearing, show an average of 
only 1-1 fly on the cleared area and 2:3 fly on the remaining uncleared 
area. These figures are supported by records of the number of pupae 
collected on the cleared and uncleared areas, which show that 
G. palpalis rarely larviposits in the cleared area, while larviposition 
on the remaining uncleared, or partially cleared, area has been 
greatly reduced. 

6. Asa result of a series of observations on the number of pupae 
found during the wet and dry seasons and on the state of pregnancy 
of female flies dissected during a part of the period, we are in a position 
to state that although the selected sites of larviposition appear to be 
essentially different from those described for Nigeria, yet the breeding 
habits of G. palpalis on the Cape Peninsula, Sierra Leone, are similar 
in that larviposition is almost exclusively confined to the dry season. 
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EXPLANATION OF PLATE VIII 


Fig. 1. Cape Peninsula, No. II area, showing dense bush extending 
down to the shore. 


Fig. 2. Cape Peninsula, No. II area, showing uncleared area. 
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EXPLANATION OF PLATE IX 


Fig. 3. Cape Peninsula, No. II area, showing partially cleared 
portion. 


Fig. 4. Cape Peninsula, No. I area, showing park-like appearance 
after clearing and planting with FP. minutis. 
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EXPLANATION OF PLATE X 


Fig. 5. Cape Peninsula, No. IV area, showing clearing near mangrove 
swamps. 


Fig. 6. Cape Peninsula, No, III area, showing outskirts of Aberdeen 
village. 
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The nature of the metabolism of trypanosomes and its effect on 
the infected host is still a subject of controversy. In a recent 
publication (1929) it was pointed out that there were two opposing 
theories. One group of investigators maintains that the pathological 
changes are due to a toxin elaborated by the trypanosomes, while the 
other attributes the results to a depletion of the glucose and glycogen 
reserves. 

In our investigation (1929) we could not confirm the toxin 
theory. We found, however, that the blood of trypanosome infected 
rats contains an abnormal concentration of lactic acid, which increases 
progressively with the development of the infection. These findings 
led to the assumption that the abnormal concentration of lactic acid 
in the blood of trypanosome infected rats was a consequence of the 
sugar fermentation by the infecting organisms, and that the 
progressive production and accumulation of lactic acid led to a 
progressive depletion of the alkali reserve, the process ultimately 
resulting in death from acidosis. 

The above assumption presumes an active production of lactic 
acid by the trypanosomes. We have attempted to test the validity 
of this hypothesis by ascertaining quantitatively the rate of glucose 
utilization and of lactic acid production by trypanosomes, under 
controlled conditions, 1m -wtve: Owing to the inability to cultivate ? 
these organisms, the experiments were necessarily of short duration. 
The results were, however, checked in a variety of ways under 
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different conditions, and there can, therefore, be no doubt that the 
data presented below indicate correctly the glycolytic properties of 
the trypanosome studied (T. evanst). 


METHODS 


The procedure consisted in following the activity of the organisms 
in media of given composition under prescribed conditions. A given 
quantity of infected blood was added to a Locke solution adjusted to a 
given pH, and containing a given concentration of glucose. The 
number of trypanosomes and the concentration of lactic acid were 
determined at the start of the experiment and at various short 
intervals thereafter. In a number of experiments, the glucose 
concentration was also determined simultaneously. In this manner 
the progress of events was followed and an approximate idea obtained 
of the rate of sugar destruction and acid production by a unit quantity 
of trypanosomes. 

The trypanosomes were counted in a blood counting chamber, 
thus obtaining absolute numbers. In order to assure uniform 
distribution, the mixtures were always shaken thoroughly before 
the count was made. Only motile trypanosomes were counted. 

The lactic acid was determined in two ways. In some experiments 
the direct method of Friedmann, Cotonio and Schaffer (1927) was 
used. In others the indirect method of CO, liberation from a 
bicarbonate solution was employed. In a number of experiments 
both methods were used simultaneously with corresponding results. 

The amount of lactic acid produced by a unit number of trypano- 
somes (1 billion) per c.c. of medium in the course of one hour was 
computed by the following equation :* 


er on Mem. lactic acid produced in 100 c.c. solution. 
Lactic acid per billion trypanosomes per hour = 10,000 —~ eno 
No. of tryps. per c.mm. x time in hours. 


* The following example will illustrate the method of computation. 

In an experiment lasting 24 hours, an average number of 30,000 trypanosomes per c.mm. produced 
24 mgm. of lactic acid per 100 c.c. solution. From this it follows that the amount of lactic acid per 
100 c.c. produced by 1,000,000,000 organisms per hour may be computed from the following 
equation :— 3 billion: 24 = 1 billion: x, 


orx = 5 = amount of acid produced in 24 hours. 


24 1 billion tryps. x mgm. lactic acid produced in 100 c.c. 


3 xX 24 ~ 32 mgm: = Number of tryps per 100 c.c. x duration of experiment. 


In one hour x = 


10,000 xX mgm. lactic acid per 100 c.c. 
Number of tryps. per c.mm. x time in hours. 


Or more simply = 


an 


; 
: 
( 
( 
€ 
T 
i 
: 
t 
| 


321 


In view of the fact that the direct method of lactic acid 
determination is not always accurate where metabolic products of 
bacteria and protozoa are concerned, the indirect method of lactic 
acid determination has been used as a check. A similar method 
has been used by Warburg (1924). It is based on the fact that when a 
given quantity of acid is added to a bicarbonate solution an 
equivalent amount of CO, is evolved. Consequently, if the CO, 
content of the bicarbonate solution is measured before and after 
the acid is produced, the increase in the acid can be calculated from the 
CO, liberated. Since the acid production by the trypanosomes is a 
continuous one, it is important that the solution be kept in 
equilibrium with a relatively large gas space by constant shaking. 

The following is a brief summary of the technique employed :— 

A mixture was prepared consisting of a Locke solution, containing 
known amounts of bicarbonate and glucose ; in a number of experi- 
ments a given quantity of normal guinea-pig serum was also added. 
To these solutions a measured quantity of blood from a trypanosome 
infected rat was added. The trypanosome containing mixture was 
divided among a number of Barcroft saturators to which CO, gas was 
added to give the desired partial pressure. The gas pressure was 
adjusted according to the manometric method described by Van 
Slyke ; the oxygen tension was always atmospheric and a requisite 
quantity of air was replaced by CO, and the required amount of 
oxygen. The total gas pressure was maintained at about 10 mm. Hg. 
greater than atmospheric in order to facilitate the withdrawal of 
test samples. 

The pH was regulated by the CO, concentration. It was 
computed from the CO, in the solution and the CO, tension in the 
gas mixture. According to Hasselbach (1916), the pH = pK + logs 

NaHCO 
+ log “HCO, 

The determination of glucose in our solutions presented serious 
difficulties, which we shall have occasion to discuss more fully below. 

The first sample was withdrawn after the saturators had been 
agitated at least ten minutes. In this sample a trypanosome count 
was made, the CO, content determined by the manometric method 
of Van Slyke (1927), and the glucose concentration by the Hagedorn- 
Jensen (1923) method. The saturators were then placed in incubators 


*, where s = degree of dissociation of the bicarbonate. 
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and constantly agitated. At given intervals, samples were removed 
as above, and analysed. The lactic acid produced and glucose 
consumed by a given number of trypanosomes during a given time 
interval was determined from the differences between the first and 
subsequent samples. 


Lactic Acid Production. 


A Locke solution was used containing 0-4 per cent. glucose. 
To this, defibrinated blood from a heavily infected rat was added 
in the ratio of 1:20. The mixture was divided into several 
saturators containing various CO, tensions. In order to eliminate 
the intensive autoglycolysis of the blood which ustally occurs during 
the first half hour, the first test was made half an hour after the 
experiment was set up. A sample was withdrawn in the absence of 
air into a pipette provided with a glass stopcock, and immediately 
transferred to a Vay Slyke apparatus to determine the CO, content. 
At the same time a drop was taken for a trypanosome count. The 
process was repeated after given intervals. 


Autoglycolysis of the Blood Cells. 


As is well known, blood cells of freshly drawn blood have a 
considerable glycolytic power. In a number of control experiments 
it was found that during the first half-hour, normal rat blood will 
produce a 4-4 mgm. lactic acid per 100 c.c. of blood. This activity 
is reduced during the next three to four hours, so that the average 
amount of lactic acid produced per hour is only 1-7 mgm. per 100 c.c. 
Since in our experiments highly diluted blood was used, and the 
amount of lactic acid produced by the trypanosomes was relatively 
much greater, the small amount of lactic acid due to autoglycolysis 
after the first half-hour is negligible, and was therefore disregarded in 
the calculations. 


RESULTS 


The data obtained in the first series of experiments are presented 
in Table I. It is apparent that there is active consumption of 
glucose associated with the production of lactic acid. It is also 
apparent that the number of trypanosomes usually present in 
heavily infected rats long before death sets in, produces an amount 


Lactic acid production by Trypanosome evanst. 
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of lactic acid which can readily lead to an acidosis. This is evident 
from asimple computation. A rat of 120 grammes would have about 
10 c.c. of blood. The amount of bicarbonate in the blood is about 
15 millimol per litre; of phosphate, 2 millimol. The 10 c.c. of 
blood contain, therefore, 0-17 millimol of available alkali. As can be 
seen on Table I (p. 323), 1 billion of trypanosomes per c.c. at pH 7-2-7-4 
produce on an average 4-0 mgm. of lactic acid per hour. This is 
equivalent to about two and a half times the alkali content of the 
blood. Part of this lactic acid is undoubtedly oxydised and 
eliminated ; part is neutralized by the alkali reserve of the tissues, 
but, as was shown in our previous communication (1929), an excess 
remains which ultimately results in a severe progressive acidosis. 


Consumption of Glucose. 


Parallel with the determination of the lactic acid production, we 
also measured the consumption of glucose. As indicated above the 
Hagedorn-Jensen method was used for these determinations. 

Table II shows in parallel columns the glucose consumed and 
lactic acid produced by 1 billion organisms per hour. It will be 
noted from the table that the production of 3-4 grammes of lactic acid 
corresponds to a consumption of about 10 grammes of glucose. 


II 


Glucose consumption and lactic acid production by Trypanosomes. 


Date of experiment Glucose consumed per hour | Lactic acid produced per hour 
by 1 billion tryps. (in mgm.) | by 1 billion tryps. (in mgm.) 


13.5.29 12°5 4°7 
15.529 7°5 | 1°6 
19-5-29 6°7 | 
22.5.29 | | 
22.5.29 3°6 
19.6.29 13'0 | 4°2 


21.6.29 11°6 | 3°9 
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It is difficult to say to what extent this relation is a correct 
representation of the facts. It is known that micro-organisms 
produce reducing substances of unknown character. This is probably 
also true of trypanosomes. It is conceivable, therefore, that more 
sugar has actually been consumed and that the sugar determinations 
represent these reducing substances as well as the remaining glucose. 

That this is probably the case is indicated by the fact that when 
media with small concentrations of glucose were used, the production 
of lactic acid was associated with an increase in the glucose content. 
This peculiar phenomenon is illustrated by the results of the following 
experiments :— 

EXPERIMENT I. A mixture consisting of 25 c.c. Locke solution 
and 0-75 c.c. infected blood was divided into saturators as above. 
From one of the apparatus the O, was exhausted and replaced with 
N. The glucose content was determined at the beginning and end 
of the experiment with the following results : 


Glucose content No. of tryps. 
mgm. per cent. | per cm. Duration of 
| | | experiment 
Beginning End Beginning End 
With O, 0*099 o'121 | 38,000 | 6,000 85 minutes 
| 
Without O, ... O°095 O'131 38,000 | 29,000 60 


EXPERIMENT 2.—A mixture containing 25 c.c. Locke solution and 
0-6 c.c. infected blood. 


Glucose content | No. of tryps. 
mgm. per cent. | per cm. Duration of 
| experiment 
Beginning End | Beginning End 
| 
With O, vee] O°O7S 0°075 30,000 | 9,000 2 hours 
Without O, ... | 30,000 | 28,000 « 


Similar results were obtained in a number of experiments in 
which the sugar content of the medium was less than 0-I grammes 
per cent. When larger concentrations of glucose were used, a 
decrease invariably resulted, but because of the results obtained 
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when small amounts of glucose were used, it 1s not possible to say 
to what extent the decrease is a correct measure of the amount 
of glucose consumed. If we assume that 2 mols. of lactic acid 
are produced from 1 mol. of glucose, then it is apparent that the 
amount of glucose consumed must have been greater than indicated 
by the data given above (Table I). 


DISCUSSION 


The experiments reported in this communciation leave little room 
for doubt that 7. evanst consume glucose 77 vitro with great avidity* 
with the production of lactic acid. There is no reason to doubt that 
the same process occurs also im vivo, although very likely with 
modifying circumstances. While 71m vitro the glucose is rapidly 
used up and the accumulated lactic acid quickly leads to a state which 
inhibits the development and destroys the trypanosomes ; 1” vivo 
the glucose is rapidly replenished and the lactic acid is partly oxidised 
and partly eliminated after neutralization. It is apparent, however, 
that as the infection progresses the oxidation processes are depressed, 
and the neutralization of large amounts of lactic acid leads to a 
depletion of the alkali reserve and an acidosis. 

It is conceivable that a similar process goes on in malaria 
infections. The strikingly more favourable results obtained in 
treatment of malaria with the administration of bicarbonates 
(Sinton, 1926) is highly suggestive. At any rate, the role of active 
glycolysis with the production of lactic acid in the pathology of 
trypanosome and malaria infections deserves serious consideration. 


CONCLUSIONS 


T. evanst consumes dextrose 1m vitro with great avidity with the 
production of lactic acid. 

It is suggested that this metabolic characteristic plays a significant 
role in the pathology of the disease, finding its most striking 
manifestation in the rat, where trypanosome development progresses 
almost unhindered during the later stages of the infection. 


*In a paper which reached us after this paper was prepared for publication, Yorke, Adams and 
Murgatroyd (1929) also report the ‘relatively enormous quantity of glucose consumed by these 
parasites.’ Their figures on glucose consumption are lower than ours, but the general results 
are the same. 
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The cultivation of pathogenic trypanosomes has baffled many 
investigators. Despite periodic reports by various investigators 
concerning the cultivation of one or another species of pathogenic 
trypanosome, no suitable method exists which will enable one to 
cultivate the pathogenic members of this group of organisms with 
any degree of constancy and certainty. After various unsuccessful 
attempts to grow these organisms im vitro, we have decided to 
ascertain first the influence of various conditions of the subtrate, 
such as pH, osmotic pressure, oxygen tension, etc., on their viability 
and multiplication. It was hoped that basic data of this character 
would facilitate the ultimate development of a method of cultivation. 
The object of this paper is to report the results of these studies. 


I. EFFECT OF THE pH OF THE MEDIUM ON MULTIPLICATION 
AND VIABILITY 


EXPERIMENT I. A mixture of 2 c.c. infected rat blood, 6 c.c. 
normal guinea-pig blood and 6 c.c. Locke solution was prepared. 
The mixture was divided into two containers, one of which was 
kept in an atmosphere containing 20 mm., the other 80 mm. COQ,. 
The respective pH’s were 7:16 and 6:64. The temperature was 
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24°5° C. Trypanosome counts were made in the blood counting 
chamber at the beginning of the experiment and at stated intervals 
thereafter. ‘The results are tabulated below. 


Number of tryps. Number of tryps. 
Time per c.mm. per c.mm. 
CO, = 20mm. Ig. CO, = 80mm. Hg. 
pH = 7-16 pH = 6-64 
| 
Start bai 126,000 | 126,000 
After 20 minutes... 110,000 g0,000 
After 60 minutes... 69,000 58,000 
After 105 minutes... 15,000 15,000 


EXPERIMENT 2. This experiment was similar to the previous one 
except that the mixture consisted of 5 c.c. infected rat blood, 5 c.c. 
guinea-pig blood and 5 c.c. Locke solution, and that the initial 
number of trypanosomes was smaller. The results are tabulated 
below. 


Number of tryps. Number of tryps. 
Time per c.mm. per ¢c.mm. 
| CO, = 20mm. Hg. CO_ = 80mm. He. 
| pH = 7-22 pH = 6-66 
| 
| 
After 15 minutes... 32,000 30,000 
After 45 minutes... 30,000 29,000 
After 75 minutes... 29,000 | 27,000 
After 105 minutes... 25,000 20,000 
After 155 minutes... 26,000 17,000 


EXPERIMENT 3. In this experiment 2 c.c. infected rat blood, 
5 c.c. normal guinea-pig blood and 5 c.c. Locke solution were used ; 
pH measurements were made at the beginning and end of the 
experiment. The temperature was 23°C. The results are shown 
below. (See also Chart 1.) 
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| Number of tryps. Number of tryps. 
per ¢.mm. per ¢.mm. 
CO, = 20 mm. Hg. CO, = 100 mm. Hg. 
Time pli pli 
| Initial, Final, Initial, Final, 
6°43 6-81 6-32 
| 
After 1 hour ... 114,000 32,000 
After 2 hours 41,000 8,0c0 
After 3 hours 10,000 8,000 
After 4 hours 1,500 | 1,000 
| 
110,000 VAN 
100,000 
- 90,000 
80,000 
Vv 
70,000 
\ 
: \ 
60,000 
5 50,000 
\ 
40,0 \ 
\ yy 
80.000 
20,000 ia 
10,000 IN 
0 
‘ime (inminutes) 60 120 180 240 


Cuart 1. Effect of initial pH on viability and development of trypanosomes. 
(Experiment 3.) 
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130,000 


120,000 
- 


110,000 }-2 


100,000 


\ 


90,000 \ 
80,000 \ 
70,000 \ 


60,000 


No. of trypansomes per cmm. 


50,000 \ 


40,000 


30,000 
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20,000 


10,000 \ 
\ 
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— 
Time (in minutes) 60 120 180 240 300 
Cuart 2. Effect of pH on development and viability of trypanosomes. 
(Experiment 4.) 
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EXPERIMENT 4. In this experiment the mixture consisted of 
3 c.c. rat blood, 4 c.c. guinea-pig blood and 5 c.c. Locke solution. 
Temperature, 24°C. (See also Chart 2.) 


Number of tryps. | Number ot tryps. 
Time per ¢.mm. per c.mm. 
CO, = 20mm. CO, = 100 mm. 
Start... ae 102,000 102,000 
After 1 hour ... sth 123,000 | 82,000 
After 2 hours dies 100,000 | 39,000 
After 3 hours 15,000 | 2,500 
After 4 hours §,500 | 1,500 
| Vinal pH = 6-36 | Final pH = 6-24 


EXPERIMENT 5. This experiment differed from the previous ones 
in that four containers, instead of two, were used. The mixture 
consisted of 5 c.c. rat blood, 5 c.c. guinea-pig blood and 5 c.c. Locke 
solution. The partial tensions of CO, were 10, 40, 80 and 160 
respectively. The bicarbonate concentration at the start of the 
experiment was 10-510 millimol in all containers. Temperature, 
24°C. The results are shown below. (See also Chart 2.) 


Number of tryps.. Number of tryps. | Number of tryps. Number of tryps. 


| per c.mm. per c.mm. per c.mm. per c.mm. 
Time CO, = 10mm. CO,=4omm. CO, = 80m.m | CO, = 160mm. 

| pil = 7-74 pPH=713 | pH = 6°83 | pH = 6°53 

| 
Start... 22,000 22,000 22,000 22,000 
After rhour ... me 29,000 25,000 | 16,000 9,000 
After 2 hours ... ta 17,000 15,000 11,000 | 8,000 
After 3 hours ... vee 20,000 14,500 : 13,000 | 3,000 
After 4 hours ... én 15,000 13,500 10,500 | 3,000 


After 5 hours ... pre 16,000 | 17,000 
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Crart 3. Viability and development of trypanosomes in media of different reactions. 


(Experiment 5.) 


In the following series the bicarbonate buffer was replaced with 
phosphate buffers of different pH. : 


EXPERIMENT 6. The mixture consisted of 1-8 c.c. phosphate 
buffer m/17, 0-2 c.c. infected rat blood, and glucose solution to give a 
concentration of 0-4 percent. Temperature, 24°5 °C. 


| | 
Number | Number Number | | Number 
Time oftryps. | pll | oftryps. | pH | of tryps. | pil | of tryps. | pli 
per c.mm. | per c.mm. per ¢.mm. | | per c.mm. 
| | 
| 
Start ... = 41,000 6:81 57,000 6-98 30,000 | 7:17 | 46,000 | 7-38 
| | | | 
After 1 hour... 34,000 | 44,000 | ... | 23,000 | | 21,000 
| | | 
After 2 hours 19,000 35,000 | 19,000 | ... | 35,000 
| | j 
| | 
After 3 hours 8,000 23,000 | 24,000 | 26,000 
| | | 
After 4 hours ne 7,000 6°39 | 10,000 6-44 14,000 | 6°49 | 19,000 6°56 
| | | 


s 


EXPERIMENT 7. Mixture of phosphate buffer m/17, containing 


0-4 per cent. glucose. To each 3 c.c. of the solution, o-1 c.c. of 
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infected rat blood was added. 


Number Number Number Number Number 
Time oftryps. | pH | oftryps. | pH | oftryps. | pH | oftryps. | pH | of tryps. | pH 
per c.mm. per c.mm. per c.mm. per c.mm. per c.mm. 
Start 6,000 6°5 7,000 6:8 6,000 7°2 5,000 77 3,000 | 8:0 
After 2hours...| 8,000 6,000 6,000 7,000 2,000 
After 3 hours... 7,000 3,000 2,000 7,000 3,000 
After 4 hours... §,000 4,000 3,000 3,000 5,000 
After hours...} 4,000 3,000 3,000 4,000 5,000 
After 24 hours ... fe) eas ° 200 200 3,000 
Atter 48 hours ... 6°3 6°3 ° 6:3 | cont. cont. 


EXPERIMENT 8. The mixture consisted of 2 c.c. phosphate buffer 
m/17, containing 0-4 per cent. glucose and o-I c.c. of rat blood, 
containing 216,000 tryps. per c.mm. 


Number Number Number Number 
Time of tryps. | pH | oftryps. | pH | oftryps. | pH | of tryps. | pH 
per c.mm. per c.mm. per c.mm. per c.mm. 
Start ... 8,000 6°5 8,000 7:0 7,000 7°4 9,000 8-0 
After 1 hour 11,000 6,000 6,000 11,700 
After 2 hours 8,500 4,400 8,100 11,600 
After 3 hours 8,200 6,400 5,900 12,100 
After 4 hours 8,100 6,700 7,000 7,000 
After 24 hours wih ° 1,300 2,400 4,000 
After 30 hours 6°34 200 6°34 700 6°42 2,200 6:59 


d 
Ge 
ae 
ait 
- 
| 
| 
ed 
. Late + 
| | 
| 
ng 


336 


EXPERIMENT Q. The mixture consisted of phosphate buffer m/17, 
containing 0-4 per cent. glucose. To each 3 c.c. of the mixture, 
0:3 c.c. of rat blood was added. The results are tabulated below. 


Number | Number | Number Number | 
Time of tryps. | pH |= oftryps. pH | oftryps. | pH | oftryps. | pH 
per c.mm. c.mm. | per c.mm. per c.mm. 
Start ... 87,000 65 | 80,000 | 6:8 | 61,000 7:0 | 76,000 7°2 
After 1 hour 103,000 | 88,000 70,000 60,000 
After 2 hours 41,000 | 37,000 41,000 35,000 
After 3 hours 1,000 | 10,000 12,000 16,000 


points. It seems quite clear that the limiting pH for this species of 
trypanosome (7. evansi) lies around 6:3. As a consequence of 
this, the initial pH is of profound importance in the development of 
trypanosomes. Apparently a pH on the acid side is unfavourable to 
trypanosomes, the buffering effect against acids is less than in 
alkaline media, and consequently the destruction is continuous and 
progressive. When the reaction of the medium is alkaline there is first 
a multiplication followed by death; this is probably due to the rapid 
elaboration of lactic acid by the fermentation of glucose (Geiger, 
Kligler and Comaroff, 1930). In all cases the final limiting pH is 
6-3 to 6-4, but inhibition and destruction begins at less acid reactions. 
The optimum evidently lies on the alkali side, but the rapid acidifica- 
tion renders it difficult to maintain an alkali or neutral reaction. 


II. EFFECT OF THE OSMOTIC PRESSURE OF THE MEDIUM 
ON VIABILITY 

The effect of salt concentration or osmotic pressure is shown in 
the following series of experiments. In all of these experiments we 
have kept the initial reaction and the amount of buffer constant, 
varying only the salt concentration. The results show that the 
trypanosome is sensitive to the tonicity of the medium and that the 
optimum concentration is a 0-07 to 0-I molar solution, or rather less 
than the physiological concentration. A reduction or increase in the 
salt concentration is accompanied by a more rapid diminution in the 


number of trypanosomes. 


The protocols presented above demonstrate two important | 
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EXPERIMENT I. Phosphate buffer m/15 was diluted with 
different concentrations of NaCl. in proportion 1:1. The 
phosphate buffer as well as the NaCl. solutions contained 0-4 per cent. 
glucose. The concentration of NaCl. in the various solution is 
expressed in fractions of a mol. Initial reaction = pH 8:00. 
Temperature = 22°C. 


Concentration of NaCl. 


| 
Time | m. | 0068 m. | olom. | 0:167m. | 0:234 m. | 0-299 m. 
| | Numbe'r of trypanjosomes per | c.mm. | 
| | 
Start 16,000 | 23,000 24,000 15,000 14,000 19,000 
| 
After 1 hour ae ws, 8,000 | 8,000 19,000 10,000 13,000 | 10,000 
After 14 hours 3,000 | 10,000 22,000 g,000 8,000 10,000 
| 
After hours 500 | 14,000 7,000 5,000 10,000 6,000 
After 34 hours _... 11,000 7,000 5,000 1,000 700 
After 4 hours... | 8,000 g,000 6,000 1,100 500 
After 5 hours... | 17,000 10,000 | 4,000 
| 
After 5} hours... 10,000 | 7,000 | ° ° ° 
| | 


EXPERIMENT 2. In this experiment instead of NaCl., Locke 
solutions in various concentrations were used. The Locke solutions 
were diluted with phosphate buffer m/15 in the ratio of 3:1. The 
initial pH = 7-4. Temperature = 22°C. 


Concentration of solution 


Time 0-5 Locke | 0:75 Locke} to Locke | 1-2 Locke | 1-4 Locke | 1-6 Locke 


Numb er of trypanosomes per ¢.mm. 


Start sion one 29,000 16,000 25,000 17,500 16,000 | 24,000 
After 2hours... we} 15,000 16,000 16,000 14,000 | 12,000 | 20,600 
| 
After hours... 20,800 17,000 18,100 13,500 | 13,200 | 19,600 


After 24 hours... 300 700 100 | | 


prin 
| 
| 
| 
| | | 
| 
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EXPERIMENT 24. 


without buffer was used. 
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Same as above, except that Locke solution 


Concentration of solution 
Time 025 Locke 0-5 Locke | 1-o Locke | 1-2 Locke | 1-4 Locke | 1-6 Locke 
Number of trypanjosomes per |c.mm. 
Start 19,000 12,000 19,000 14,000 11,000 14,000 
After 2 hours 12,000 17,000 17,000 6,000 3,000 3,000 
After 4 hours ° 19,000 ° ° 


III. EFFECT OF LACTATE ION ON VIABILITY 

In view of the fact that trypanosomes produce a large amount of 
lactic acid, it seemed desirable to ascertain whether the lactate ion 
as such, apart from the increase in H’, had an unfavourable effect on 
the trypanosomes. The following protocols present a number of 
experiments bearing on this point. 

EXPERIMENT I. The medium consisted of 3:0 c.c. infected 
rat blood, 6 c.c. normal guinea-pig blood and 6 c.c. of Locke solution. 
To 5 c.c. of this mixture 0:5 c.c. of n/5 NaCl. solution was added, 
and to another 5 c.c., 0:25 c.c. of n/5 natrium-lactate and 0-25 c.c. 


n/5 NaCl. were added. pH = 7:4; CO, = 40 mm; 
Temperature = 24°C. 
Na-Lactate Na-Chloride 
Time 

Number of trypanosomes | Number of trypanosomes 
Start 47,000 47,000 
After 1 hour ... 50,000 27,000 
After 2 hours 4,500 9,500 
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EXPERIMENT 2. The basic mixture was the same as above; to 
one portion of 5 c.c. of this mixture, 0-5 c.c. n/5 lactate, to the 
other 0:2 c.c. n/5 lactate, and to the third 0-5 c.c. n/5 NaCl. were 


added. Reaction pH = 7-4; Temperature = 24:5 °C. 


Na-Lactate o°§ c.c. Na-Lactate 0-2 c.c. NaCl. o°§ c.c. 
Time 
Number of trypanosomes | Number of trypanosomes | Number of trypanosomes 
per c.mm. per c.mm. per c.mm. 
Start 44,500 69,000 28,000 
After 1 hour 18,500 24,500 7,000 
After 2 hours 18,000 22,500 5,000 
After 3 hours 12,500 cont. 2,000 


EXPERIMENT 3. The subtrate consisted of 2 c.c. rat blood, § c.c. 
normal guinea-pig blood and 5 c.c. Locke solution, to which was 


added Na-Lactate solution in desired proportion. 


tabulated below. 


The results are 


Time 


N/5o Lactate 


N/10 Lactate 


N/1o NaCl. 


Number of trypanosomes 


Number of trypanosomes 


Number of trypanosomes 


Start 140,000 140,000 140,000 
After 14 hours ... 101,000 96, 500 70,000 
After 24 hours ... 26,000 15,000 4,500 
After 34 hours ... 12,500 9,000 1,000 
After 44 hours ... §,500 9,000 1,000 
After 53 hours ... 25500 5,500 ° 


EXPERIMENT 4. 


Same as above. 


To one portion of 5 c.c., 0°5 €.c. 


n/5 NaCl. solution, to the other portion of 5 c.c., 0-5 c.c. of serum of a 
highly infected rat (670,000 tryps. per c.mm.), and to a third portion 
of 5 c.c., 0:25 c.c. n/5 Na-Lactate were added. 


| 
| 
gee 
= 
ip 
ta 
a 
: 
ac? 


340 


| NaCl. Lactate Serum 
Time | Number of trypanosomes | Number of trypanosomes | Number of trypanosomes 
| per c.mm. per c.mm. per c.mm. 
Start 47,000 47,000 47,000 
After hour ...| 27,000 §0,000 76,000 
After 3 hours “| 4,500 20,000 9,500 


These experiments indicate that the lactate ion as such has no 
unfavourable effect. On the contrary, it is apparent that the 
chlorine ion is more injurious than is the lactate. It would seem 
that the most important inhibiting factor is the hydrogen ion 
concentration. 


IV. EFFECT OF GLUCOSE CONCENTRATION ON VIABILITY 


Schern (1925) has shown that the viability of trypanosomes is 
influenced by the glucose concentration. He noted the rapid death of 
trypanosomes in the blood of heavily infected rats and attributed it 
to the exhaustion of sugar. He reported that adding sugar to the 
blood leads to a revival of trypanosomes and an increased mobility. 
Although the experiments reported above suggest that the deleterious 
effect was due to the acid, it was nevertheless important to ascertain 
the effect of different sugar concentrations on the viability of 
trypanosomes. 

A few typical experiments are presented below. It appears that 
although concentrations of glucose below o-I per cent. are 
unfavourable, higher concentrations are not more favourable. 

EXPERIMENT I. Phosphate buffer m/17, pH = 7-4 plus various 
concentrations of glucose. To each 3 c.c. of the mixture 0:25 c.c. 
infected rat blood were added. 


| 0:01 % glucose glucose 0:06% glucose 0'20% glucose 


| tryps. per c.mm. | tryps. perc.mm. | tryps. perc.mm. | tryps. per c.mm. 


| 
| 
Time | Number of Number of Number of | Number of 


Start... 135,000 155,000 138,000 69,000 
After 1 hour ... — 19,000 12,000 113,000 48,000 
After 24 hours 4,000 2,000 30,000 
After 34 hours - 400 1,000 800 39,000 


After 4 hours ° 24,000 
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EXPERIMENT 2. Phosphate buffer m/17, pH = 7:38. To each 
3 c.c. of the mixture, 0-15 c.c. rat blood was added. 


002% glucose | glucose 0:2% glucose glucose 
Time Number of Number of Number of Number of 
tryps. perc.mm._ tryps. perc.mm. | tryps. perc.mm._ tryps. per c-mm. 
| 
Start 35,000 | 38,000 35,000 31,000 
After 1 hour sal 21,000 16,000 23,000 | 27,000 
| 
After 2 hours ... vee] 3,500 20,000 14,000 14,500 
After 3 hours ... ual 3,500 20,000 | 14,000 14,500 
After 4 hours ... oe ° 13,000 8,000 17,000 


V. EFFECT OF PARTIAL PRESSURE OF O, ON VIABILITY 


The final point to determine was the effect of the O, tension. 
It is evident from a large series of experiments that the development 
of trypanosomes is dependent on the oxygen tension. In the 
absence of oxygen the development is retarded. In the presence of 
atmospheric O, tension, the development is rapid and the limiting 
pH is soon reached. The result is, therefore, a paradoxical one, a 
longer survival in the absence of O,. 

Some of the experimental data are presented in the following 
protocols. 

EXPERIMENT I. To 2 c.c. of a mixture of equal portions of 
phosphate m/17 and Locke solution was added 0-05 c.c. of infected 
rat blood. The solution contained 0-4 per cent. glucose. One set 
was kept in the air, the other under nearly complete anaerobic 
conditions. pH = 7:6. Temperature = 23:5° C. 


O, = atmospheric pressure | Oxygen replaced by Nitrogen 
‘Time | 
Number of trypanosomes Number of trypanosomes 
per c.mm. per c.mm. 
After hour... 34,g00 28,200 
After 2 hours”... 36,400 | 32,500 


After 4 hours... wal 18,000 48,000 
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EXPERIMENT 2. The same as above. pH = 7°5. 


fu 
O, = atmospheric pressure | Oxygen replaced by Nitrogen 
Time wi 
Number of trypanosomes Number of trypanosomes ae 
per c.mm. per c.mm. 
th 
29,700 23,500 fo 
After r hour... 31,500 35,500 
: After 3 hours... me 31,500 41,000 
After 4 hours... 32,100 40,200 


EXPERIMENT 3. The same as above. Phosphate buffer m/15. | 
pH = 7-4. 
| 


re 
Date 
O, = atmospheric pressure | Oxygen replaced by Nitrogen 
Time 
? Number of trypanosomes Number of trypanosomes 

per c.mm. per c.mm. 

| 
Start... 36,000 38,000 15.1X | 2 

| 
After 24 hours ... 700 13,000 4 
After 48 hours ... 12,000 a 
After 56 hours ... | 6,000 tie 
19.1X | 2 
EXPERIMENT 4. The same as above, except that the initial pH ee ie 

| 

varied in each case. | 

Og atmospheric | Oxygen replaced | Og atmospheric Oxygen replaced | 

preassure by Nitrogen pressure by Nitrogen ? 
Time pH = 6-76 initial pH = 6-76 pH = 7°64 initial pH = 7-64 as re 
ate 
Number of tryps. | Number of tryps. | Number of tryps. | Number of tryps. 
per c.mm. per c.mm. per c.mm. per c.mm. 

Start 8,500 7,500 7,000 g,000 
After rhour... 10,500 6,000 5,900 11,700 
After 2hours... 8,500 4,400 8,100 11,600 | ‘ 
After 3hours... 8,200 6,400 5,900 12,100 = 
After 4 hours... 8,100 6,700 7,000 7,000 Bix 
After 24 hours... 1,300 2,400 4,000 Ig.tx ; 
After 3o hours... 200 700 2,200 
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Further evidence of the aerobic character of the trypanosomes is 
furnished by the data in the following table. In these experiments 
we determined the lactic acid production in identical media under 
aerobic and anaerobic conditions respectively. It will be noted 
that the lactic acid production under aerobic conditions is three to 
four times as high as in the absence of oxygen. 


Lactic acid production by Trypanosome evansi in the presence and absence of air. 


Atmospheric Og pressure 
co, | | lactic 
| Temp.,| tension, | Average | Duration | Millimol | Millimo! | Millimol Lactic acid Initial 
Date | °C. | mm.Hg- | number | of experi- co, CO, ~~ CO, acid produced | pH 
| ot tryps. ment per litre | perlitre perlitre | produced by 
per c.mm. | (in mins.) | at start atend | evolved | mgm. % | 1 billion | 
| | tryps. 
| per hour 
| | | 
six | 24 20 15,000 120 13°96 11°96 | 2:00 18-00 6-0 7°50 
| | 
| 24 20 31,000 120 14°37 10°68 | 3:96 33°20 5°3 7°48 
24 20 24,000 120 14°01 11°34 2°67 24°03 570 | 7°50 
18.1x | 24 80 8,500 180 14°465 13-711 | O74 6-666 2-61 | 6°84 
19.1X | 24 80 30, 500 120 12°966 11031 | | «17°43 2°49 | 6°74 
| | 
| 
Without Oxygen 
| | Mgm. 
Co, lactic 
Temp., | tension, | Average | Duration | Millimol | Millimol | Millimol Lactic acid Initial 
Date °C. | mm. Hg. | number | of experi- co, CO, CO, acid produced | pH 
of tryps. ment perlitre | perlitre | perlitre | produced by 
per c.mm. | (in mins.) | at start atend | evolved mgm. % | 1 billion 
| tryps. 
per hour 
15.1X 24 20 19,000 150 14°30 13°98 | 0°32 2°88 I°SI 7°54 
24 20 41,000 120 13°64 12°57 | 107 9°63 1:16 7°50 
| 24 20 29,000 180 14°02 12°27 1°75 15°75 1°80 7°50 
| 
18.1x | 24 80 16,000 180 14°462 14°08 0*379 3°41 6°85 
19.1X 24 80 29,500 120 12-881 12*3g90 4°42 O75 6-77 


Nore.—The experiments were carried out in duplicate, one with the other without oxygen. 
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SUMMARY 


Summarizing the results of our experiments it appears that the 
most important single factor responsible for the difficulty experienced 
in cultivating these organisms is their active production of lactic acid. 
Since these organisms are aerobic and require a certain glucose 
concentration for survival, the fermentation of the glucose leads to the 
production of lactic acid, which in the ordinary buffered solutions 
rapidly reaches a concentration inhibitive and apparently even 
toxic to the cell. This accounts for the frequent observation that 
in blood drawn from a heavily infected animal, the trypanosomes 
quickly become clumped and die, giving the impression of agglutina- 
tion. What actually happens is that the large number of trypano- 
somes requires very little time to produce a limiting acidity in blood 
already having a higher lactic acid content (Kligler, Geiger and 
Comaroff, 1929) and lower alkali reserve than normal. 

There is reason to believe that the data presented above will add 
to our understanding of the physiology of this group of parasites 
and help towards the elaboration of suitable methods for cultivating 
them. Any method must take into account the fact that the zone of 
tolerance of H’° is narrow, and that the trypanosomes actively 
ferment glucose with the production of lactic acid. The other 
factors, glucose concentration, osmotic pressure, toxicity of NaCl, 
are naturally important, but nowhere near as significant. It is 
doubtful whether prolonged cultivation without frequent, if not 
daily, passage will be possible. 


CONCLUSIONS 


The results of our experiments suggest the following 
conclusions :— 

1. TJ. evansi is sensitive to hydrogen ion concentration. The 
optimum pH is on the alkali side (probably 7-4); the limiting pH 
is between 6:3 to 6:4; while the inhibiting pH is probably near 6°8. 

2. T. evansi requires a minimum concentration of glucose, 
about o-I per cent. In the presence of oxygen the glucose is rapidly 
fermented with the production of lactic acid. 
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3. IT. evanst is aerobic; it survives longer under anaerobic 
than under aerobic conditions, but activity is greatly inhibited as 
evidenced by the acid production. 

4. The optimal osmotic pressure is that of the tissues rather 
than that of the blood; 0-08/m to o0-1/m or 3? physiologic solution 
being more favourable than 0-12/m. 

5. NaCl. is more toxic than Na-Lactate; the inhibitive effect 
of lactic acid is due, therefore, to the hydrogen ion concentration 
rather than the lactate. 

Since the completion of these experiments, Yorke, Adams and 
Murgatroyd (1929) published data which emphasise the significance 
of these results. These authors found that the survival of trypano- 
somes for any length of time is conditioned by their number. If the 
initial number of trypanosomes is large they die more rapidly than 
when the initial number is small. This difference is undoubtedly 
due to the more rapid acidification of the medium by the large 
number of organisms. 
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EXPERIMENTS WITH DIJROFILARIA 
IMMITIS AND LOCAL SPECIES OF 
MOSQUITOS IN PEIPING, NORTH CHINA 


WITH A NOTE ON LANKESTERIA CULICIS 
FOUND IN AEDES KOREICUS* 


BY 


FENG LAN-CHOU, M.B. 
(Received for publication 1 May, 1930) 
PLATES XI AND XII 


It is well known that dogs in North China are very frequently 
infected with Divofilaria immitis, but, up to the present, no observa- 
tions seem to have been made as to what species of mosquitos 
transmit this parasite. In the autumn of 1929, I had an opportunity 
to carry out a series of experiments in Peiping, North China, from 
the results of which it appears that at least two species of mosquitos, 
namely, Anopheles hyrcanus var. sinensis and Aedes koreicus, are 
responsible for the transmission of this parasite in this area. 


METHODS AND TECHNIQUE 


Seventeen species of mosquitos were listed by Meleney, Lee and 
Yang (1928) in the vicinity of Peiping, but the most common ones 
are Aedes koreicus, Culex pipiens, Anopheles hyrcanus var. sinensis 
and Anopheles (Myzomyia) patton. These experiments, therefore, 
were made mainly with these species but occasionally some other 
species were obtained. 

Different species of mosquito larvae were collected in and around 
Peiping and bred out in the laboratory. The mosquitos when 


* Contribution from the Division of Parasitology, Department of Pathology, Peiping Union 
Medical College, Peiping, China. 
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hatched out were left in the cage for a day or so before feeding to 
starve them so that they might feed more readily. They were then 
placed in feeding-boxes similar to those used in the malaria experi- 
ments by Hindle and Feng (1929). The dog used was a tame one 
which was heavily infected with Dirofilaria immitis. Frequent 
examinations showed that in a very small drop of blood under an 
ordinary-sized cover slip the Microfilariae averaged 45 in number. 
The dog’s hair was removed by barium sulphide paste, and the 
skin carefully washed and dried before feeding the mosquitos. 
The feeding boxes containing the mosquitos were then put on the 
skin of the dog and the mosquitos were allowed to feed for half an 
hour, after which they were freed in a cage. Those which had fed 
were put in earthen pots which were standing in a basin of water to 
keep them moist and the temperature was kept between 25° and 
28° C. These mosquitos were then fed on a rabbit daily to keep 
them alive. Since the purpose of these experiments was to see 
whether or not development of Muicrofilaria immitis could take place 
and be completed in the local species of mosquitos, none of them 
was killed until the larvae of D. immutis were suspected to be present 
in the labium. When any of the mosquitos died, however, in the 
course of the experiment, they were dissected and the malpighian 
tubes and stomach carefully searched under the microscope for 
Microfilariae. When they died eight or more days after feeding, 
the thorax, head and proboscis were also carefully examined for 
Microfilariae in addition to the usual examination of malpighian tubes 
and stomach. In some cases, selected specimens were preserved in 
Bless’ fluid and sections made. 


EXPERIMENTS WITH AEDES KOREICUS 


The mosquitos used in this experiment were all bred out from 
larvae and pupae of Aedes koreicus collected from large water kongs 
in the Central and Pei Hai Parks of Peiping during the late summer. 
The results are listed in the following table (Table I) :— 


th 
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Tasce I 


Result of experiments with Aedes koreicus 


(Kept at 25°-28° C.) 


* Fixed in Bless’ fluid and sectioned. 


No. of | 
No. of days | 
experiment No. of between No.of | 
and date flies fed | feeding | flies Result of dissection and remarks 
when fed and _— dissected 
dissection | 
K-1 | 
Sept. I I Negative. 
3 | I | Negative. 
, 4 | 2 Both negative. 
5 I Positive in malpighian tubes. 
i” 8 | 2 Both positive in malpighian tubes. 
Ni 9 | I Mature larvae in malpighian tubes. 
II | I Mature larvae in malpighian tubes. 
14 | I 5 mature larvae in head, 2 in labium. 
K-2 
Sept. 11.29... 4 3 I | Negative. 
‘ 4 I | Negative. 
6 I | Positive in malpighian tubes. 
7 | I _ Negative. 
| | 
| | 
Sept. 12.29... 13 I 2 | Both negative. 
2 2 One negative and one positive in 
malpighian tubes. 
; 3 3 One positive in malpighian tubes and 
two negatives. 
I Positive in malpighian tubes. 
ea 6 I Positive in malpighian tubes. 
a It I Two mature larvae in malpighian tubes 
and one in labium. 
— 14 I Mature larvae in malpighian tubes and 
labium. 
One mature larva in labium and one 
negative. 
K-4 
Sept. 14.29... 8 I 4 All negative. 
wei 4 I Negative. 
+d 5 2 Both positive in malpighian tubes. 
ro 10 I Mature larvae in malpighian tubes. 
K-5 | 
Sept. 16.29... 3 3 I Positive in malpighian tubes. 
asa 12 2 One positive in labium; one negative. 


=) 
Sh 
| 
4 
| 
| 
| 
| 
| 


350 


I—continued. 


No. of 
No. of days 
experiment No. of | between No. of 
and date flies fed feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
K-6 
Sept. 17.29 9 3 4 One positive in malpighian tubes; three 
negatives, degenerated. 
4 I Negative, degenerated. 
6 I Positive in malpighian tubes. 
9 I Six premature larvae in malpighian tubes. 
II ms Positive in labium, thorax, abdominal 
cavity and malpighian tubes. 
13 *: Positive in thorax. 
K-7 
Sept. 18.29 12 2 4 Three negatives; one positive in 
malpighian tubes. 
3 I Negative, degenerated. 
4 I Positive in malpighian tubes. 
6 I Negative. 
8 I Negative, degenerated. 
9 I Positive in malpighian tubes. 
10 I Mature larvae in malpighian tubes only. 
2 One positive in malpighian tubes; one 
negative. 
12 I Four mature in malpighian tubes. 
K-8 
Sept. 20.29 3 8 I Positive in malpighian tubes. 
10 2 (a) Mature larvae in labium, head, 
thorax and abdominal cavity. 
(6) Positive in abdominal cavity and 
thorax. 
K-9 
Sept. 21.29 37 1 hour "% Both positive in stomach and cells of 
malpighian tubes; one showed micro- 
filaria at junction of mid and hind gut. 
6 hours "2 Both positive in stomach and malpighian 
tubes. 
10 hours "* (a) Positive in malpighian tubes and 
stomach. 
(6) Positive in malpighian tubes only. 
15 hours " Both positive in malpighian tubes. 
20 hours "3 Positive in malpighian tubes. 
I Positive in malpighian tubes. 
I I Negative. 
3 5 Three positives in malpighian tubes; 
two negatives (degenerated). 
4 * Both positive in malpighian tubes. 
5 4 Two positive in malpighian tubes; two 
negatives. 
6 10 Five negatives (degenerated). 

Five positives in malpighian tubes; one 
fly contained fourteen microfilariae 
in malpighian tubes. 

9 3 All positive in malpighian tubes (5-9 


premature larvae in each fly). 
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Taste I—continued. 
| No. of 
No. of days 
experiment No. of | between | No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
K-I0A 
Sept. 23.29... 30 * 2 Positive in malpighian tubes. 

one 3 5 Three negatives (degenerated); two 

positives in malpighian tubes. 

ae 6 7 Three positives in malpighian tubes 

(calcified larvae in one fly); four 
negatives (two degenerated). 

se 7 8 Five positives in malpighian tubes ; three 

negatives. 

x 8 2 Both negatives (one degenerated). 

ess 9 3 Two positives in malpighian tubes; one 

positive (mature larvae) in thorax and 
abdominal cavity. 

Ais 15 » (a) Three mature larvae in labium, and 
one in head. 

(6) Mature larvae in labium, head, thorax, 
abdominal cavity and malpighian 
tubes. 

(c) Negative. 

K-I0B 
Sept. 23.29 9... 29 4 3 All positive in malpighian tubes. 
is 5 6 Two negatives; four positives in 
malpighian tubes (all showed both 
alive and calcified larvae). 

pn 6 3 One positive; two negatives (degenerated). 

re 7 II Six positives in malpighian tubes; _ five 

negatives (four degenerated). 

or 8 I Six mature larvae in malpighian tubes. 

wa II I Eight mature larvae in malpighian tubes 

and abdominal cavity. 

: 13 7“ Mature larvae in labium, head, thorax, 
abdominal cavity malpighian 
tubes. 

ss 15 I Fly found dead, negative in all parts. 

‘i ie % (a) Five mature larvae in labium, one in 
head and one calcified in malpighian 
tubes. 

(6) Two mature larvae in labium, one in 
head and two in malpighian tubes. 

K-11 
Sept. 24.29  ... II 4 I Positive in malpighian tubes. 
on 6 5 Two negatives; three positives (in one 
of these flies ten calcified and three 
living larvae were found). 
wa 7 2 One negative ; one positive. 
eins 13 I Mature larvae in labium, head and 
abdominal cavity. 
sins 14 » (a) Two mature larvae in labium and 
labella; two in head and one in 
abdominal cavity. 
(b)* Two mature larvae in labium. 
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Tasie I—continued. 


_ No. of 
No. of 
experiment No. of | between No. of 

and date flies fed feeding flies Result of dissection and remarks 

when fed and dissected 
| dissection 

K-12 | 
Sept. 26.29 160 4 3 Two negatives; positive, alive 

and calcified dead larvae in malpighian 
tubes. 
5 3 One __ negative; two positives in 
| malpighian tubes. 

6 6 Two negatives; four positives (in one of 
| these flies seven living and fifteen 
| calcified larvae found in malpighian 
| tubes). 
| 7 2 (a) Calcified larvae in malpighian tubes. 

(b) One negative. 
| 8 I Both living and calcified dead larvae 
| in malpighian tubes. 

9 | I Negative. 

K-13 | | 
Oct. 2.29 a I | 4 | I Positive in malpighian tubes. 


A total of 187 mosquitos of this species (Aedes koreicus) were fed 
on the dog. Of this number 100 were positive (55 per cent.). Most 
of the negative ones were dissected in the early days and many of the 
mosquitos were so disorganised that even if the small Microfilariae 
were present they were too degenerated to be recognized. From 
the tenth to the fifteenth day after feeding twenty-seven mosquitos 
were dissected, of which all but four were positive (85 per cent.). 
Of the 23 that were positive, larvae were found in the labium in 15, 
and in the remaining 8 they were seen in the malpighian tubes. 

From this it may be concluded that if the mosquitos had lived 
as long as they probably would have under natural conditions, the 
majority would have been positive for Microfilaria immitis and 
capable of transmitting this parasite. 

The Microfilariae begin to leave the stomach and creep into the 
malpighian tubes about one hour after feeding, and by the end of 
the fifteenth hour the process is completed. As soon as they reach 
the malpighian tubes, they penetrate the cells of these tubes and 
live in them, but not in the lumen (see Pl. XI, fig. 2). 

The development of Microfilariae in the mosquitos depends 
on the temperature (see also later in experiments with Anopheles 
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hyrcanus, var. sinensis). At a temperature of 25°-28° C. it takes 
about two days for the larvae to change into short-tailed, sausage- 
shaped forms. Later when the worms look very thick and stumpy 
the internal organs gradually become visible. As the Microfilariae 
develop, they become thinner and longer again and from the tenth to 
fifteenth day (usually at the twelfth day) they become long, filiform, 
actively moving, mature larvae, measuring on an average 
33:2u x 99:8 w. They then rupture the cells of the malpighian 
tubes, become free, and wander about in the abdominal cavity of the 
mosquito. They migrate in different directions, but the majority 
finally reach the labium and come out from the labella (Pl. XI, figs. 
I-A and I-B). Some may go into the legs, others into the brain and 
above the pharynx. Some die in the course of development, as is 
shown by the calcification of Microfilariae in the malpighian tubes 
which took place at different stages of development (Pl. XI, figs. 3 
and 4). In some cases all the larvae in the malpighian tubes become 
calcified and in others some calcify, while some are alive and 
continue their development. In fresh dissections, the calcified larvae 
appear as black rigid dead worms (Pl. XI, fig. 3). 

In the course of dissection of this species of mosquito (Aedes 
koreicus), several instances of infection with gregarine Lankesteria 
culicis were encountered, about which a short note is given at the 
end of this paper. 


EXPERIMENTS WITH ANOPHELES HYRCANUS var. SINENSIS 


This species of Anopheles is very common all over China. In 
Peiping they breed in great numbers in September and October in 
ponds where vegetation is abundant, but they are seldom found, 
if at all, in fresh water in brooks among the hills. Mosquitos used 
in this experiment were bred out in the laboratory from larvae 
collected from the ponds in Haitien, about four miles north-west of 
Peiping. The results are listed in Table IT. 

Altogether 126 Anopheles hyrcanus were fed on the dog. 
Deducting 12 which fed on the puppy for the purpose of trans- 
mission, 78 of the remaining 114 were positive for Microfilaria 
immitis (68 per cent.). There were 53 which died after the tenth 
day, 37 of which were positive (70 per cent.). From the above 
data it is clear that Microfilaria immitis can also complete its 


iz 
% 
| 
| 
j 
| 
He 
ts 
ge 


354 


development in this species of Anopheles. The development of 
Microfilaria tmmitis in this species of mosquito was similar to that 
in Aedes koreicus but slower, taking about fifteen days for the 
Microfilariae to reach the labium. This was probably due to the 
fact that the season was rather late and that the temperature in 
the laboratory, although it was heated, was not very high, especially 
at night, when the temperature fell to about 20°C. Dead and 
calcified Microfilariae were not seen in this species of mosquito. 
The mature Microfilariae were seen proceeding to the various parts 
of the body, as noted in Aedes koreicus. In addition, the mature 
embryos were in one case seen in the palpi. 


II 
Result of Experiments with Anopheles hyrcanus var. sinensis 


(Kept at 25°-28° C.). 


*Fixed in Bless’ fluid and sectioned. 


| | 
| No. of | 
No. of days | 
experiment No. of between No. of 
and date flies fed feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
H-1 | 
Sept. 26.29... 4 4 I Positive in malpighian tubes. 
‘ 5 2 Both positive in malpighian tubes. 
8 I Positive in malpighian tubes. 
H-2 
Sept. 27.49 2... 10 5 I Positive in malpighian tubes. 
6 2 One positive in malpighian tubes; one 
degenerated negative. 

10 2 Both positive; one containing fifteen 
premature larvae in malpighian tubes 
and one containing three larvae. 

II $ Two positives and one negative. 

12 2 Both positive (mature larvae in malpighian 
tubes.) 

H-3 
Sept. 30.29 _...| 5 3 I Positive in malpighian tubes. 

4 2 One positive in malpighian tubes and one 
negative. 

8 2 Both positive in malpighian tubes. 
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TasLe []—continued. 


No. of 
No. of days 
experiment No. of | between | No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection | 
H-4 | 
Oct. 19.29  ... 7 6 | I Positive in malpighian tubes. 
ae 8 I Positive in malpighian tubes (premature 
| forms). 
— 10 I Positive in malpighian tubes (premature 
forms). 
a 11 I Positive in malpighian tubes (mature 
form). 
es 12 I Mature larva in abdominal cavity. 
16 Negative. 
16 Negative. 
Oct. 21.29... 21 3 I Negative. 
_ 6 2 One negative and one positive in 
| malpighian tubes. 
hs 7 | 2 One negative and one positive in 
| malpighian tubes. 
pe 8 | I Positive in malpighian tubes. 
wise 9 | 2 Both positive in  malpighian tubes 
| (premature larvae). 
‘i 10 3 Two negatives and one positive. 
ee II | 3 All positive in malpighian tubes. 
ses 12 I Positive in malpighian tubes. 
13 | I Negative. 
His 137 COW 5 Feeding on young puppy (No. 1) and 
found negative after dissection. 
H-6 
Oct. 21.29. ... 20 4 I Positive in malpighian tubes. 
‘ee 6 2 Both positive in malpighian tubes. 
wi 8 2 positive and one _ negative 
(premature). 
ais 9 I Negative (degenerated.) 
aia II 3 Two positives (premature) ; one 
negative (degenerated). 
wi 12 2 Both positive in malpighian tubes 
(mature). 
sti 13 7 Feeding on puppy No. 2 daily for three 
days, when died all dissected ; four 
positives and three negatives. 
H-7 
Ot. 22.490) 9 8 | I Positive in malpighian tubes. 
ae 12 I Mature larvae in malpighian tubes. 
— 13 7 Feeding on puppy No.1 daily. 2 days 


later, three dissected, in one of which 
mature larvae were found in abdominal 
cavity only. Two negatives. One 
died on 3rd, 4th and 7th days 
respectively, dissection all negative. 
One escaped. 
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Tasie [1—continued. 


No. of 
No. of days 
experiment No. of | between No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
H-8 | 
Oct. 23.29... 24 3 I Positive in malpighian tubes. 
6 2 One positive and one negative 
| (degenerated). 

7 Both negative. 
9 I _ Positive in malpighian tubes. 

10 3 _ One positive and two negatives. 

12 I Positive. 

14 I | Negative. 

15 8 Four negatives (two degenerated) ;_ two 
with mature larvae in labium; two 
with mature larvae in malpighian 
tubes and abdomen. 

* Two positives in head and labium ; three 
| negatives. 
H-9 
Oct. 2229 ««.. 29 3 Positive in malpighian tubes. 
5 6 Two positives; four negatives 
(degenerated). 
6 3 All positive. 
7 4 All positive. 
8 2 One positive and one negative. 

II I Positive. 

12 | 4 Two positives (one containing fifteen 
microfilariae in malpighian tubes) ; 
two negatives (degenerated). 

14 3 All positive. 

15 2 Both positive in head, proboscis and 
abdomen. 

| 15 *% Both positive in malpighian tubes, 

abdomen and proboscis. 

| 16 my Positive in malpighian tubes only. 

H-10 | 
Oct. 22:29 ... 6 I I Positive in stomach. 
ee 3 I Positive in malpighian tubes. 

5 I Positive in malpighian tubes. 
8 I Negative. 
10 I Positive in malpighian tubes. 

| 12 I ‘Positive in malpighian tubes. 


EXPERIMENTS WITH ANOPHELES MYZOMYIA PATTONI 


At the end of September and in later months, larvae of 
A. myzomytia patton: were found in great numbers in the small pools 
and streams in the Western Hills about eight miles west of Peiping. 
These were collected and bred in the laboratory, the bred mosquitos 
being fed in the same way as the others. The following is a table 
of the result. 
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Taste III 


Result of experiments with Anopheles myzomyia pattoni 


(Kept at 25°-28° C.) 


— 


No. of 
No. of days 
experiment No. of | between | No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
P-1 | 
Sept. 13.29... 6 | 2 I Negative. 
we 4 I Negative. 
~ | 5 3 All negative, one degenerated. 
| 7 I Negative. 
P-2 i | 
Sept. 14.29... 2 | I I Negative. 
ve | 3 I Negative. 
P-3 | 
Sept. 23.29... 8 2 I Negative (degenerated). 
8 I Negative. 
9 I Negative. 
eee 10 5 All negative. 
P-4 
Sept. 24.29... 4 5 2 Negative. 
és 7 I Negative. 
ie | 16 I Negative. 
Sept. 22.29... I 8 I Negative. 
P-6 
Oct. 14.29 .../ I 3 I Negative. 
P-7 | 
Oct. 16.29... I 14 I Negative. 
| 
P-8 | 
Oct. Wag ...| 17 3 7 All negative. 
| ila 4 3 All negative. 
| sie 5 4 All negative. 
| | 10 I Negative. 
15 I Negative. 
P-g 
Oct. 19.29 ...| I I Negative. (See section). 
- | 2 I Negative. 
_ | 3 3 All negative. 
us 4 5 All negative. 
wes | 5 2 Both negative. 
~ | 8 4 All negative. 
| 9 I Negative. 
mae fo) 2 All negative. 
as 12 2 Both negative. 
an 13 I Negative. 
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Taste ]—continued. 


No. of 
No. of days 
experiment No. of between | No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection 
P-10 
Ot. e889 5 5 2 Both negative. 
12 | I Negative. 
13 | 2 Both negative. 
P-11 
Oct. 28.29... 3 2 I Negative. 
3 2 Negative. 
P-12 
10 at | 10 Three positives, one to three micro- 
once filariae. Remainder all negative 
| (some partially fed). 


Altogether 80 A. myzomyta pattont were fed on the infected dog. 
Seventy of these were dissected at intervals ranging from one to 
sixteen days after feeding, but none was found positive for Mzcro- 
filaria immutis. Ten A. myzomyta pattom were, therefore, fed and 
killed immediately after feeding (P-12) and the stomach contents 
carefully examined microscopically in fresh preparations. Three out 
of the ten were positive (they contained 3, 2, and 1 larvae respectively) 
It is to be noted that several of these mosquitos took up only 
a small amount of blood, which might not have contained any 
larva. Of the 80 fed ones, however, according to this percentage, 
one should find at least 30 per cent. positive if this species is a suitable 
intermediate host. In A. hyrcanus var. sinensis, on the other 
hand, in some cases after only one feeding on the infected dog, the 
number of embryos in one mosquito may reach as many as fifteen 
(Table II, H-9). A. myzomyta pattoni is smaller than A. hyrcanus, 
but even if the mosquito should only take half as much blood as 
A. hyrcanus, in some cases it should contain at least five larvae. 
Since all the A. patton, except for the three killed immediately after 
feeding, were negative for Microfilaria immitis, it seems evident that 
A. myzomyia pattom is not a suitable intermediate host for this 
parasite. 
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EXPERIMENTS WITH CULEX PIPIENS 


Culex pipiens is the common house mosquito of North China. 
Larvae were collected from the water-kongs placed at the sides of 
the streets in Peiping City, and mosquitos were bred out in the 
laboratory. It is very striking to note that it was difficult to get 
these mosquitos to feed, less than one per cent. biting the dog. 
As advocated by MacGregor (1929) a dilute solution of honey was 
smeared on the skin of the dog, but most of them were found to be 
only sucking the honey instead of biting the animal. Unfortunately 
the season was too late to get enough specimens of this species of 
mosquito to carry on further experiments. Of all the mosquitos 
fed in one case only several degenerating Microfilariae were found 
in the stomach one day after feeding. It may be inferred that the 
Microfilariae probably degenerated in the mosquitos and no 
development took place. 

Tasie 1V 


Result of experiments with Culex pipiens 


(Kept at 20°-28° C.) 


No. of 
No. of days 
experiment No. of | between No. of 
and date flies fed | feeding flies Result of dissection and remarks 
when fed and dissected 
dissection | 
C-1 
Sept. 12.29 8... 2 5 2 Negative. 
C-2 
Sept. 13.29 2 5 2 Negative. 
Sept. 30.29 1 2 I Negative. 
Oct. 2.29 I 6 I Negative. 
Oct. 14.29 4 2 2 Negative. 
ae I Negative. 
* 3 I Negative (degenerated). 
Oct. 16.29 ...| 2 I 1 Degenerating microfilariae in stomach. 
| an 2 I Negative. 
Oct. 18.29 seul 2 2 I Negative. 
| sue 4 I Negative. 
Oct. 19.29... 10 2 6 All negative. 
nk 4 I Negative. 
5 I Negative. 
| I Negative. 
| wi 8 I Negative (degenerated). 
Oct. 21.29 +e] 4 4 I Negative. 
‘ia 6 3 All negative. 
Oct. 22.29 «... 3 I I Negative. 
one 5 I Negative. 
9 I Negative. 
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EXPERIMENTS WITH OTHER SPECIES OF MOSQUITOS 


Two other fairly common species of mosquitos are Culex 
tritaenorrhynchus and Luzia vorax, but few of these mosquitos 
have been tried. These also did not feed readily on the dog and 
hence no conclusion can be drawn. Other species of mosquitos 
were not available for experiments. 


SUMMARY AND CONCLUSION 


Microfilariae of Dirofilaria immitis undergo their development 
experimentally in Anopheles hyrcanus var. sinensis and Aedes 
koreicus. The microfilariae pass into the malpighian tubes within 
one to twenty-four hours after feeding. At a temperature of 
25°-28° C. the whole development is completed in ten to fifteen 
days, and between twelve and fifteen days they proceed forward to 
the labium. The mature larvae have been seen proceeding to the 
legs, in the head above the pharynx, and sometimes even in the 
palpi. At different stages of development, dead and calcified 
larvae were observed in A. koretcus, but not in A. hyrcanus var. 
sinensis. Both A. hyrcanus and A. koretcus are equally good for 
transmission of the filaria, as dogs in China usually live out of doors 
and neither of these species often enters a house. From this close 
association it may be concluded that they play the principal rdle in 
transmission of this parasite. Of the two species of mosquitos, 
A. hyrcanus var. sinensis probably plays a more important part 
in the transmission, for its distribution is wide throughout China 
whereas A. koreicus is confined to Korea and North China. It is 
quite possible that other species of Aedes in other parts of China, 
such as Aedes albopictus, the most common Aedes in Shantung, may 
be just as good transmittors. 
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LANKESTERIA CULICIS A PARASITE OF 
AEDES KOREICUS 


In the course of experiments on Dirofilaria tmmitis with Aedes 
koreicus, odcysts of Lankesteria culicts were encountered in several 
cases in dissecting this species of mosquito. Accordingly, twenty-five 
larvae and sixteen pupae of this species of mosquito were taken from 
the pan where they were kept and bred in the laboratory. Dissection 
of these larvae and pupae showed all positive for gregarines in the 
mid-gut, and in some of the pupae, odcysts were found in the 
malpighian tubes in addition to the gregarines in the mid-gut. 
Larvae of Culex pipiens were also kept in the same pan and on 
dissecting forty of them, all proved to be negative. 

On October 3rd I went to the park where these larvae had been 
captured, and collected larvae and pupae of Aedes koreicus from 
different kongs. In the laboratory, nineteen mosquitos hatched out, 
only one of which was found positive on dissection. Seven larvae 
were dissected, all of which were negative. Twenty-six pupae 
were dissected, seven being positive. Unfortunately the season was 
too advanced to get more specimens for dissection. However, it is 
apparent that the larvae kept in the laboratory on dissection were 
all found infected, whereas of those newly-collected from the park, 
only comparatively few were infected. This is probably, as noted 
by Wenyon (1926), due to the fact that the mosquitos when hatched 
out and left in the cage for a day soon defecate so that the mature 
oécysts pass into the pan and all the larvae in the pan become 
infected, whereas in natural breeding places in the park only certain 
kongs were infected. 

In larvae of Aedes koreicus gregarines were found present in the 
mid-gut attached to the epithelium. These gregarines vary in size, 
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and are capable of sluggish amoeboid and peristaltic movement at 
their anterior end. In pupae both the gregarines and the gameto- 
cysts which contain many odcysts were present; and, of course, 
the gametocysts and odcysts in the malpighian tubes, and the gre- 
garines in the mid-gut. In dissected adults the gregarines were 
seldom found but only the gametocysts which were numerous in the 
malpighian tubes, with some passing out in the hind gut (see Pl. XII, 
fig. 2). 
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EXPLANATION OF PLATE XI 


Fig. 1-A. Section of the head and proboscis of Aedes koreicus 13, days 


after feeding on dog infected with Dirofilaria immitis 
showing mature larvae in the head and labium. x 45. 


I-B. Section of the head and proboscis of Anopheles hyrcanus 


Fig. 2. 


Fig. 3. 


Fig. 4. 


Fig. 5. 


Fig. 6. 


var. sinensis 15 days after feeding on dog infected with 
Divofilania immitis showing 3 mature larvae in labium 
and larvae in cross section in lower part of the head. 
x 50. 


Section of Aedes koreicus 15 hours after feeding on dog, 
showing D. immutis larvae in the lumen and cells of the 
malpighian tubes. x 270. 


Dissection of Aedes koreicus 6 days after feeding, showing 
both living and calcified larvae of A. koreicus in 
malpighian tubes. (Calcified larvae dark in lower part 
of the photograph, living ones in the upper part.) x 60. 


Section of Aedes koreicus 15 days after feeding with cal- 
cifying mature larvae of D. tmmitis in malpighian tubes. 
(Two larvae in the left part of the photograph.) 70. 


A mature larva in malpighian tube of Aedes koreticus 
12 days after feeding. x 100. 


Dissection of Aedes koreicus g days after feeding, showing 
larvae of D. immitis in malpighian tubes. x 75. 
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EXPLANATION OF PLATE XII 


Fig. 1. Longitudinal section of the fourth stage larva of Aedes 
koreicus showing gregarines Lankesterza culicts in mid-gut. 


xX 125. 


Fig. 2. Dissection of Aedes koreicus showing gametocysts and 
odcysts of Lankesteria culicis in malpighian tubes. 
(Single odcysts in the malpighian tubes in upper part of 
the photograph. Gametocysts in the malpighian tubes 
in lower part of the photograph and some in the hind 


gut.) x go. 
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PLATE XIII 


HISTORICAL 


In man rat-bite fever has long been recognised as a definite 
clinical entity. Early accounts of the disease were given in America 
by Wilcox (1840), Watson (1840), and Gilliam (1868), in France by 
Millot-Carpentier (1884), and by Pefia y Maya (1885) in Spain. 
It has been known for a very considerable time in Japan, where 
the living conditions are such that the rats come into closer contact 
with human beings and bites are more frequent, but it was not 
until 1892 that Katsura first gave a clear description of the malady. 
In 1902 Miyake published an account of the disease under the name 
‘ Rattenbisskrankheit,’ and, at the same time, drew attention to 
the Japanese term ‘Sodoku’ (from so, a rat, and doku, poison), 
a particularly apt designation. Thereafter numerous attempts 
were made to isolate the aetiological agent. Probably the first 
step in the solution of this problem was accomplished when Hata 


(1912), Surveyor (1913) and Dalal (1914) reported cures with 


salvarsan having been induced to give this drug a therapeutic trial 
probably because the periodic fever, the local lesion and the peculiar 
eruption were suggestive of an infecting organism allied to the 
spirochaetes. It was left, however, to Futaki and his associates 
(1916) to make the actual discovery of the causal organism on 
which they bestowed the name Sfirochaeta morsus murits. 


SYMPTOMATOLOGY 


The diagnosis in the majority of instances presents but little 
difficulty for the clinical signs are usually well-defined and the 
history of a wound caused by the bite of a rat or other animal is 
in itself most suggestive. As a rule the bite wound heals cleanly 

367 


. 
3 
| 
| 
| 
i 
| 
| 
| 
| 
} 
| 
| 


368 


and until the onset of the disease causes no trouble. There is an 
incubation period of varying duration, commonly between one 
and three weeks after the bite, but occasionally as short as three 
days (Miyake, 1902 ; Hata, 1912; Costa and Troisier, 1918) or four 
days (Knowles and Das Gupta, 1928), or again it may be prolonged 
up to five months (Hardy and Savery, 1927). The onset of the 
fever is sudden and is ushered in by a rigor during which the 
temperature quickly rises. The pulse is quickened in rate and is 
softer and the respirations are also increased. There may be 
headache of varying degrees of severity, and sometimes, in the 
graver cases, delirium and prostration. Pain in the joints, bones 
and muscles, especially of the legs and arms, is of common occurrence 
and may or may not come on coincident with the first febrile attack, 
but if not will most probably transpire during the second or 
subsequent pyrexial periods. The rigor which precedes the attack 
of fever may occur without prodromal signs or there may be 
preliminary headache, malaise, giddiness, and less frequently 
vomiting. 

The Primary Lesion. The wound caused by the bite heals 
cleanly unless there has been superimposed septic infection. Under 
certain circumstances this superimposition of a septic condition 
may be mistaken for or may mask a true rat-bite fever (Knowles 
and Das Gupta, 1928). In such there is suppuration at the wound 
site, a marked polymorphonuclear leucocytosis and the temperature 
chart is entirely different, while the chances of finding S. minus in 
the exudate are practically negatived. About the period when 
febrile symptoms become manifest there is pain in the scar and the 
neighbouring tissues become swollen and oedematous. A proportion 
of cases eventually go on to ulceration, the ulcer presenting a clean 
surface, indurated edges and a serous discharge (often containing 
S. minus), and resembling the scrotal lesions produced experimentally 
in guinea-pigs (McDermott, 1928). This ulcer has been stated by 
Arkin (1920) and by Adams (1925) to resemble closely an extra- 
genital chancre. There is inflammation in the regional lymphatics 
and the glands are swollen, firm in consistence but non-adherent. 
The intensity of the local condition differs markedly in degree but 
it is rare, although it has been recorded (by Row, 1912; Lagriffe 
and Loup, 1917 and others), not to find a primary lesion and 
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adenitis. There is a recrudescence of the pain and local inflammation 
with each succeeding bout of fever; in favourable cases the wound 
eventually heals leaving a scar of a bluish or purplish tint. 
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CHART OF THE TEMPERATURE IN Rat-Bite Fever. 


After Knowles and Das Gupta (1928) and other authors, 


The Fever. The fever varies in intensity according to the 
severity of the infection and the temperature often may reach 
104° F., although in other cases it may never exceed I01° F. to 
102° F. The pyrexial period usually lasts from two to three days, 
after which the fall to normal is as sudden as the onset. There 
then follows an interval of varying duration of about three to seven 
days, which is abruptly terminated by another sharp rise sometimes 
accompanied by a rigor. The number of the febrile attacks varies 
in every individual case and is dependent to a large extent on the 
virulence of the infecting strain of the parasite and the degree of 
resistance exhibited by the host. It is probable that the majority 
of infections, even if untreated, would gradually subside, each 
subsequent attack of fever being less severe than the preceding, 
until the patient returned to a more or less normal state of health, 
but there are cases on record, such as those of Corinaldesi (1924), 
Surveyor (1913) and van Lookeren-Campagne, in which symptoms 
were prolonged over periods of four, eight and twenty years 
respectively. During the remissions all the symptoms, the pains, 
headache, and giddiness, usually disappear. 

The Rash. Asa general rule the rash, which is most characteristic, 
is present only during the pyrexial periods and subsides with the 
temperature ; it can be made to return, in certain instances, if the 
patient is placed in a hot bath. Its appearance is synchronous with 
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the onset of fever, not necessarily with the first attack, and may 
take place on any part of the body, face, neck, chest or widely 
spread all over the body and sometimes even affecting the mucous 
membranes (Surveyor, 1913; Zannini, 1914; Collier, 1924; 
Giglioli, 1927). The most marked feature about the eruption is the 
colour, which is of a peculiar purplish shade contrasting fairly 
sharply with the surrounding tissues. It is maculo-papular, occurs 
in slightly raised areas of varying size, is painless and free from 
itch, and will disappear only when considerable pressure is exerted. 
Slight variations, such as ecchymosis (Vorpahl, 1921), may occur 
in the nature of the rash, but they are unusual. With the sudden 
fall in the temperature the rash fades and gradually disappears, 
while very infrequently it is followed by a certain amount of 
desquamation. 

Other Symptoms. In addition to the three cardinal symptoms— 
the recurring inflammation at the bite and in the regional lymph 
system, the remittent nature of the fever and the characteristic 
rash—numerous other clinical manifestations have been described, 
but it seems probable that a large number of these are more or 
less accidental or are due to intercurrent causes. Mention must 
be made, however, of an urticarial rash, which may be observed in 
the terminal stages of the disease (Miyake, 1902, and d’Halluin 
and Fievez, 1918), and has been regarded, from the point of view of 
prognosis, as a hopeful sign. As would be expected in such a febrile 
disease, there may be, especially in cases of long duration, a slight 
secondary anaemia, and, as regards the gastro-intestinal tract, 
constipation and some signs of gastro-enteritis (Millot-Carpentier, 
1884; Pena y Maya, 1885; Cook, 1886 and Annibale, 1920). 
Diarrhoea is seldom present, but when it does occur is probably 
associated with a catarrhal condition of the intestinal mucosa 
(Schockaert, 1928) such as was described at post-mortem 
examinations by Kaneko and Okuda (1917). 

There is no liver enlargement, an important diagnostic point 
in the comparison of this disease with other spirochaetoses such as 
acute infective jaundice (Weil’s disease), and there is no jaundice. 
The kidneys show signs of toxic irritation, albumin and more 
rarely casts appearing in the urine (Miyake, 1902; Blake, 1916; 
O’Carrol, 1912). The heart and lungs are scarcely affected ; in the 
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case of the former cardiac failure due to myocarditis, according to 
Kaneko and Okuda (1917), may be the cause of death in severe 
infections, while the latter may show some slight bronchitis, broncho- 
pneumonia (Schockaert, 1928), pleural exudate (Middleton, 1910) 
or even a double-sided purulent pleurisy (O’Carrol, 1912). Symptoms 
referable to the nervous system are present in nearly all instances. 
Headache, giddiness, tinnitus, are all common during the bouts of 
fever ; less frequently there may be delirium or coma. The muscle 
pains are very common in the extremities and are probably most 
marked in the calf of the leg. As noted by Gerbasi (1927), by 
Lange and Wolff (1921), and by Mauriac (1918), pains around the 
joints are not infrequent. Anaesthetic patches may occur usually 
on the lower extremities and hyperaesthetic areas may be found on 
any part of the body. Photophobia (Schockaert, 1928) and con- 
junctivitis (Frugoni, 1912) have been noted. 

The Blood. With regard to the blood it is generally agreed that 
there is a degree of anaemia proportional to the severity and duration 
of the disease, and, in long-standing cases, giving counts of the 
red blood corpuscles of as low as 1,390,000 (O’Carrol, 1912). Each 
febrile attack is associated with erythrocyte destruction and sub- 
sequent appearance of urobilin in the urine (Schockaert, 1928), 
while during the quiescent phases there are attempts at regeneration 
evidenced in blood films by anisocytosis, polychromasia and the 
presence of normoblasts. A moderate leucocytosis (12,000-20,000) 
may be encountered at the onset of the fever; this is maintained 
during the attack but, later, as the fever subsides, it gives place 
to a lymphocytosis. The eosinophiles are diminished in number 
and it would appear (according to Schockaert) that the eosinophilia 
noted by Frugoni (1912), Walch (1923), Bergamini (1915) and other 
observers only appeared between the attacks and towards the end of 
the infection when it may be regarded as a hopeful sign. Kuipers 
and Ruys (1929) made a very thorough investigation of the leucocyte 
content in a case under their observation. Leucocyte counts were 
performed daily over a period of about four months’ duration. 
During the actual attacks there was a leucocytosis with a relative 
lymphopenia and aneosinophilia. There was arise in the number of 
eosinophiles a few days before the attacks and during convalescence 
there was a definite eosinophilia. It was found that even after the 
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disease had apparently subsided these alterations in the blood 
picture occurred regularly for some time and the authors suggest 
that after seeming recovery from rat-bite fever attacks still occur 
which remain under the clinical threshold. 

Serology. The majority of cases exhibit a positive Wasserman 
reaction (Blum and Clement, 1925 quote a figure of about 50 per 
cent. positives). Recently Nakamura (1928) has succeeded in 
obtaining a complement fixation test for rat-bite fever. He 
prepared an antigen of (infected ?) guinea-pig’s heart, I gram 
extracted with 5 c.c. of alcohol. This was diluted with three times 
its volume of alcohol and to each 5 c.c. of the resulting liquid was 
added 0-3 c.c. of a I per cent. alcoholic extract of cholestrol. The 
preparation was again diluted with six times its volume of saline 
solution. The diazo-reaction was stated to be positive by Toriyama 
(1917) and v. Lookeren-Campagne and negative by Gerbasi (1927). 

Mortality. According to Miyake (1902) the case mortality in 
untreated cases is about 10-5 per cent., but since the introduction 
of specific treatment with arsenical preparations, noticeably sal- 
varsan, this figure has been very much reduced, in Japan possibly 
some 2 per cent. and elsewhere probably less than that percentage. 


AETIOLOGY 


The publication of Miyake’s paper in 1902 served to focus 
attention on the condition with the result that considerable research 
was carried out and attempts were made to isolate the etiological 
agent. Shikami (1907) attributed rat-bite fever to a member of the 
Telosporidia ; Middleton (1910) thought that the causative organism 
might be a Diplococcus ; Ogata (1911), who allowed rats to bite 
guinea-pigs and thus experimentally transmitted the disease, 
considered that it was due to an Aspergillus ; Proescher (1911) 
described Bacilli (B. septico-muris) which were very numerous in the 
base of the wound. More importantly Schottmiiller (1914) isolated 
from two cases, one resulting from the bite of a rat, the other from 
that of a South African squirrel, two species of Streptothrix, which 
were named respectively S. muris ratti and S. taraxeri-capapt. 
Blake (1916) was able to demonstrate a similar Stveptothrix in the 
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vegetations on the heart valves in an endocarditis following on the 
bite of a rat. The serum of the patient strongly agglutinated the 
organism in question. In this connexion the writer (1924), reviewing 
the literature on the subject, drew attention to the fact that Tunnicliff 
(1916) had recorded the finding of a Streptothrix in rats with broncho- 
pneumonia, and, especially as Tunnicliff and Mayer (1918) had noted 
a further case in man of Streptothrix disease, concluded that it was 
possible that at least two generalised diseases might be transmitted 
to man through the bites of rats and associated animals, the true 
rat-bite fever and the Séreptothrix infection probably causing 
endocarditis. Knowles and Das Gupta (1928), however, are clearly 
of the opinion that such Streptothrix infections are of a secondary 
nature, and in one case they described it undoubtedly was so, but 
McDermott (1928) noted that in such cases there is almost always 
suppuration at the site of the bite, whereas in S. minus infections 
suppuration does not take place. 

The discovery of Spivillum minus in man was made almost 
simultaneously by two groups of workers in Japan. Futaki, Takaki, 
Taniguchi and Osumi (1916) demonstrated the organisms first in 
fluid obtained by gland puncture from one case and secondly in 
a piece of skin excised from one of the rash papules. They named it 
Spirochaeta morsus muris and considered it to be of the nature of 
a Treponema. The movements of S. morsus muris were stated to 
be very rapid, resembling those of a vibrio. It stained readily 
with Giemsa’s stain. Animal experiments were successful ; monkeys, 
mice, house rats and white rats were inoculated with positive results. 
Attempts were made at cultivation and success was claimed on 
Shimamine’s medium, but the culture organisms, as described and 
figured, differed very considerably from the forms found in man and 
animals. In cultures forms appeared up to Igu in length—as 
against the 2m or 5m, or including flagella 6 to to quoted by these 
authors for the forms in the host—and having at times as many as 
nineteen coils. The pitch of the spiral or wave was about 2y, 
whereas the blood forms had one coiliniy. Futaki and his associates 
were of the opinion that the organism differed in certain respects 
from those previously described as occurring in the blood of mice, 
rats and other animals (vide infra), and further that, as no connexion 
between these organisms and rat-bite fever in man had been demon- 


\ 
| 
= 
| 
Pie, 
| 
| 
} 
| 
| 
Be 
| 
| 
Me 
| 
q 
| 


374 


strated, they were justified in considering that the parasite was 
a new species. 

A little later Ishiwara, Ohtawara and Tamura (1917) reported 
it in the cortex and parenchyma of the supra-renal glands of guinea- 
pigs inoculated with material from human cases. They also trans- 
mitted the disease experimentally by allowing infected rats to bite 
guinea-pigs (thus confirming the work of Ogata, Ig11) and studied 
the course of the disease in these animals. Row (1917) isolated 
a spiral organism from a case of human rat-bite fever which was 
smaller in size than that of the Japanese workers and had fewer 
coils. On this morphological basis and because he was unable to 
demonstrate terminal flagella, Row concluded that it was a distinct 
species and, later, in 1922, he named it Shirochaeta petit. 
Parmanand (1923), however, succeeded in staining the flagella and 
expressed the view that the organisms in Bombay were similar to 
those described by Futaki. In 1922 Manson-Bahr, in ‘ Manson’s 
Tropical Diseases,’ referred the causal organism of rat-bite fever to 
the genus Leptospira on grounds which were not stated, while 
Sangiorgi (1922) suggested the generic name Tvreponemella. 

Probably the earliest account of the finding of such a Spirillum 
in the blood of animals is that of Vandyke Carter (1887). This was 
present in the blood of a rat, Mus decumanus, and attention was 
first drawn to its presence by a quick, twirling movement of the 
red blood corpuscles in fresh blood. Carter described his organism 
as an ‘extended and uniformly slender filament of clearly spiral 
construction, having a length commonly somewhat less than the 
diameter of a blood disc, but varying from 5 to gu... and 
according to its length presenting from four to eight close spiral 
turns.’ He was unable to make out the presence of flagella at the 
ends. The movement of the organism was very active, and consisted 
of ‘rotation round the long axis, propulsion either forward or 
backward, and occasionally an energetic twisting or lashing.’ From 
its morphology, movements and behaviour to reagents Carter 
concluded that the organism in question was ‘ a bacterium belonging 
to the genus spirochaete . . . such as from its small dimensions 
might be named provisionally Spirillum minor.’ 

Thereafter there occur in the literature numerous mentions of 
similar organisms, which were found in the blood of animals. 
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Lingard (1899) found in the blood of a bandicoot (Mus giganteus) 
a small Spirillum, which he was able to inoculate into rabbits and 
guinea-pigs, but in the latter it was possible only to demonstrate the 
organism in the final stages of the infection. While Lingard’s 
description of the parasite is lacking in detail, its behaviour in 
inoculated animals was similar to that of the virus of rat-bite fever 
as reported by various workers. Borrel (1905) found a spirochaete 
in cancer growths of mice. This work was confirmed by Calkins 
and Clowes (1905), Deetjen (1906), Tyzzer (1906-07) and Gaylord 
(1907). 

Wenyon (1906) described a spirochaete in the blood of mice 
which he named Spirochaeta muris. This he considered to be 
identical with the spirochaete found by Borrel, but with reference 
to the organism of Carter he states that ‘since the morphological 
characters of spirochaetes are not sufficient to establish the identity 
of any form it is necessary to rely on other characters, notably 
their behaviour in various hosts, and their pathogenic or other 
action. As nothing is known of Carter’s Spirillum of the rat apart 
from its morphology, the spirochaete of the mouse must be considered 
to be new to science.’ Morphologically, Wenyon’s Spirochaete murts 
closely resembled Carter’s Spirvillum minus and there is now little 
doubt but that they are identical. Breinl and Kinghorn (1906) 
isolated a spirochaete from the same source as Wenyon. They 
considered it to be smaller in size than the one described by Carter 
and therefore a distinct species for which they proposed the name 
Spirochaeta laverant. 

MacNeal (1907) demonstrated the presence of flagella at the 
ends of the organism in a strain isolated from one out of thirty-nine 
rats (Mus decumanus) caught at Morgantown. He was of the 
opinion that this parasite was of the same species as those of Carter, 
Wenyon, Breinl and Kinghorn and Nicolle and Compte (in a bat). 
Despite the fact that he thought his organism to be the same as 
that of Carter, and that terminal flagella had been seen, MacNeal 
adopted Wenyon’s name Sfirochaeta muris var. virginiana. 

Zuelzer (1921) suggested that the morphological characters were 
such as to indicate a closer affinity of the rat-bite fever parasite to 
the Spirilla than to the Spirochaetes. Later Robertson (1924) 
from a study of the morphology of the causal organism, its behaviour 
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in inoculated animals and the various accounts in the literature, 
came to the conclusion that Zuelzer’s suggestion was correct, and, 
further, there was at that time no evidence to suggest that the 
forms occurring as natural infections in the blood of animals 
(Spivillum minus Carter, 1887; Spirochaeta muris Wenyon, 1905 ; 
Spirochaeta laverant Breinl and Kinghorn, 1905; Spirochaeta 
muris var. virginiana ; etc.) differed in any respect from those causing 
disease in man. This, however, was not in agreement with the view 
of Kasai (1921), who thought that it was possible to distinguish 
between two strains, one the rat-bite fever variety (morsus murts) 
and the other the forms found in mice (muris). Kasai’s hypothesis 
was supported by Ruys (1925). Four strains of organisms, one 
from a human case, two from rats and the fourth from white mice, 
were compared by this observer in their animal reactions. The 
human and rat strains proved to be pathogenic for monkeys and 
guinea-pigs while the inoculated animals did not seem to be sus- 
ceptible to the mouse strain. Serologically the same differentiation 
appeared to be present. The opposite was expressed by Worms 
(1926) as a result of the study of a rat strain in comparison with 
a strain derived from field mice. The findings left no doubt as to 
the close relationship of the two strains, that of the mouse eventually 
becoming extremely virulent to guinea-pigs and giving a mortality 
up to 30 per cent. 

It is obvious, therefore, that human strains differ from each 
other in their infectivity for and reactions in experimental 
animals. Thus one strain may be highly virulent in guinea-pigs, 
and show parasites in the animal’s blood, whereas another may 
cause some temporary discomfort only. One strain may be easily 
infective for rats and another may not. Such differences as do 
occur between human and animal strains in their infectivity and 
reactions are no greater than may be found in two divergent human 
strains. The final proof that Spivillum minus is the aetiological 
agent of rat-bite fever or sodoku and of the co-identity of the rat and 
mouse strains of the virus is found in the work of Theiler e¢ al. (1926) 
and of Schockaert (1928), both of whom have successfully inoculated 
man (cases of general paralysis of the insane) with the human strain 
in laboratory animals and, in the case of the second worker, also with 
a strain from white mice. 
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GEOGRAPHICAL DISTRIBUTION 


It would appear that the disease is almost world-wide in its 
distribution, cases having been recorded in nearly every country. 
Figures have been given by various observers showing the percentage 
of natural infections occurring among rats, but such observations 
are of little value as an indication of the frequency with which the 
disease occurs in man. There is to be considered, firstly, the fact 
that adult rats, even when experimentally inoculated, often do not 
have parasites, at least in demonstrable numbers, in the circulating 
blood, and, secondly, the incidence of the disease is not dependent 
so much on this factor (the percentage of natural infections) as on the 
exposure of man to the bites of animals. 


ANIMAL VECTORS AND MODE OF INFECTION OF MAN 


The majority of cases in man result from the bites of rats, 
although a certain number may follow on those of other animals 
such as cats, ferrets, dogs, etc. The scratch of a cat has been 
incriminated on two occasions (Yamado, 1917, and Sano, 1917), 
but it is more than likely that these are merely examples of direct 
or mechanical contamination with infected material as are also the 
cases described by Atkinson (1913) from a kitten and a ferret both 
of which had been in contact immediately previous to the bite with 
dead rats. Iyer (1929) recorded a case, diagnosed on clinical grounds, 
in a patient bitten by a bandicoot. This occurred in Madras. 
Smallwood (1929) also reported a case, the diagnosis of which was 
dependent on the clinical signs, following the bite of a young pig. 

The question of how the Sfirillum is actually transmitted from 
the rat to man is one which has led to considerable discussion, for the 
organism cannot be demonstrated in the saliva of the animal and 
experimental inoculations with that secretion have been also, with 
one exception, negative. The exception, which was probably more 
in the nature of an accident, was that of Kusama, Kobayashi and 
Kasai (1919), who managed to infect one mouse by this means. 
Up till recently it was thought that, since the saliva as a rule was 
non-infective, the small abrasions in the gums and buccal mucosa 
resulting from the act of biting, might cause small haemorrhages 
and that the blood containing Spzvilla could thus contaminate the 
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bite. Mooser (1924), however, suggested an alternative mechanism. 
He drew attention to the fact that rats, some time after infection, 
showed certain eye symptoms such as conjunctivitis, keratitis, 
iritis and palpebral oedema, and that in most instances the accom- 
panying secretion was infective even though the blood was non- 
infective. He therefore concluded that the rats, even in the absence 
of injuries to the mucous membrane of the mouth, might be infective 
by means of this optical secretion, the Spivilla reaching the mouth 
through the lacrymo-nasal duct. As noted by Mooser and also by 
McDermott (1928), desquamated duct cells and erythrocytes may 
occur in the lumina of the salivary gland ducts, a fact which renders 
it possible for the organism to be present in the saliva in the later 
stages of the disease, and, further, McDermott also points out that 
in rats, late in the infection, ‘ tertiary’ lesions (vide infra) are of 
almost constant occurrence. These lesions frequently ulcerate—thus 
discharging Spirilla—into the bronchi, mouth and upper alimentary 
tract. Such records as are available of the rats which have been 
known actually to transmit the disease to man would suggest that 
the infecting animals were in poor physical condition similar to that 
seen in the so-called tertiary stage noted above. Honda (1928) has 
carried out a series of experiments (with Treponema recurrentis as 
well as Spirillum minus) with the object of determining whether 
the organisms could pass through undamaged skin and mucosa. 
S. minus did not produce infections when applied to the skin and 
only about a quarter of the cases were positive where the application 
was made on the buccal mucosa or the conjunctiva. 


MORPHOLOGY 


Material. Spirillum minus is best studied in fresh preparations 
under dark ground illumination for, no matter what staining or 
fixing technique may be adopted, distortions, in such a small 
organism disproportionately important, are bound to occur, giving 
a false impression both of size and structure. Further, the terminal 
flagella do not stain easily even when lying free from the body. 
Material for study is not easy to obtain from man. Sfzirilla may be 
present in various situations, noticeably the serous exudate from the 
primary lesion, but as a rule they are too scanty to permit of accurate 
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examination or detailed observations. In the mouse, on the other 
hand, the parasites are often quite numerous, two, three, four or 
even more occurring at times in each field of the microscope of the 
peripheral blood. An even better medium than the blood of the 
sub-inoculated animal is the peritoneal fluid in which large numbers 
are present during the greater part of the infection. Why this 
should be the case is not quite clear ; it is possible that the peritoneum 
is a Suitable nidus for their growth and multiplication or it might be 
to a certain extent the result of the inoculation which is commonly 
made in this situation. There is one possible disadvantage to the 
use of this material which is that the majority of the forms encoun- 
tered seem to be of the longer variety while short forms, I-5u to 4u, 
are comparatively scanty. 

Technique. For the demonstration of the flagella the best 
method, apart from dark ground illumination, would appear to be 
Tribondeau’s modification of Fontana’s silver nitrate stain as 
recommended by Schockaert (1928) and by Knowles and Das Gupta 
(1928). Although this modification requires the use of methyl 
alcohol as a fixative and is otherwise very similar to the original 
technique of Fontana it does not cause the flagella to appear as 
thick and single, a disadvantage stated by McDermott (1928) to 
occur in Giemsa stained preparations fixed by methyl alcohol and also 
in Fontana stained films. The Tribondeau-Fontana method (after 
Knowles and Das Gupta, 1928) is as follows :— 

(1) Make a thin film of the suspected material. Dry in air. 
(2) Fix with Ruge’s solution for one minute. 


Glacial acetic acid Tce. 
Formalin (40 per cent.) is ECL. 
Distilled water ... C.C. 


(3) Drain the fixative off the slide and flood with methyl 
alcohol. Complete the fixation by flaming off the methyl alcohol. 
(4) Mordant for one minute, warming gently until steam rises in 
Fresh tannic acid 5 grams 
Distilled water ... 
(5) Wash very thoroughly in distilled water. 
(6) Stain for one minute, warming until steam rises, in 
Fontana’s silver nitrate solution made up as follows :—To a 5 per 
cent. aqueous solution of silver nitrate Liq. ammoniae is added 
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drop by drop until the precipitate which forms redissolves in 
excess of ammonia. With a fine pipette more silver nitrate is 
added until the precipitate just returns and the solution, after 
shaking, is opalescent. 

(7) Wash in water, allow to dry, and, if desired, mount in 
Canada balsam. 

If more intense staining is required, the various steps from 
No. 4 onwards may be repeated. 

The method recommended by Adachi (1921) and confirmed by 
McDermott (1928) consists of (1) fixation for from 30 to 60 seconds 
over a solution, osmic acid I gram, mercuric chloride (corrosive 
sublimate) 5 per cent. 10 drops, distilled water 100 c.c. and (2) staining 
for about twelve hours in Giemsa’s solution (1 part of stain to Io parts 
distilled water) to every 10 c.c. of which 0-6 c.c. of a I per cent. 
aqueous solution of potassium carbonate has been added. 

When the organisms are fresh the movement is so rapid that 
the details of structure cannot be seen; for observations under the 
best conditions Schockaert recommends the examination of a mixture 
of infected blood in which the serum has only faintly lytic properties. 
Under such circumstances this author states that at the moment of 
admixture the motility of the Spzrilla is slowed and the flagella 
lose their oscillatory movements. At room temperature, if precautions 
are taken to avoid drying, movement will persist for more than 
twenty-four hours. Bright light is said (Futaki e¢ al., Adachi, 
McDermott) to inactivate the parasites so that observations on 
a single living specimen can only be carried out for a few seconds 
after which it ceases to move, swells and loses its waves. This, 
however, is denied by Schockaert, who found that exposure to the 
light passing through the microscope did not seem to modify the 
movements in any way. The writer’s experience, using a bright 
light (30 or 100 candle power point-o-lite) is that the movements 
certainly are slowed but the effect is not nearly so rapid as indicated ; 
active movements may persist for an hour or longer and the structure 
during that time does not alter appreciably. Using fresh films 
from the peritoneal fluid, exposure to cold, such as is easily obtained 
by placing the slide on a block of ice for a few minutes, is a useful 
expedient, for some of the individuals retain their original motility 
while others are inactivated or merely slowed. The flagella, their 
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movements and disposition can be seen clearly and, although 
a measure of swelling may take place, the characters of the body 
are still quite recognisable. 

The Body. A certain amount of doubt is still present as regards 
the structure of the body. Ruys (1926) and McDermott (1928) 
state that it does not have a spiral formation for, under dark ground 
illumination, the waves can be seen lying in one plane. Other 
observers have described it as forming a true spiral ; it is certainly 
the case that sometimes the waves (or curves) do not appear to be so 
evident, but, on the other hand, it is equally difficult to make sure 
that this is not due to a general thickening and straightening of the 
body. With reference to the flagella, McDermott states that they 
are ‘long and wavy, frequently continuing the direction of the 
body waves for one or two turns, but gradually becoming almost 
straight.’ The flagella, when examined under dark ground illumina- 
tion, are in nearly every instance in spiral form, and, if it is the case 
that they follow the curves of the body, this would suggest a coiled 
shape for the body. 

A marked feature of the body is the relative rigidity. 
Occasionally, as a result of extraneous influences, bending may 
occur, but as soon as the causal factors are removed it returns to the 
original state. There is no undulatory motion ; the rat-bite fever 
organism retains its fixed shape during movement. Forms which 
are in process of division are frequently bent, but such individuals 
are usually easy of recognition for they have two more or less equal 
parts joining at an angle, not a single mass curved in the centre. 
The rigid character of the body serves as a point of differentiation 
between this Spivillum and the members of the genus Treponema. 
With regard to the size of the parasite considerable variations have 
been noted. Thus it varies in different animals, and also in the 
same animal from day to day. There appears to be a certain 
tendency (Robertson, 1924) to uniformity of size in any given animal 
on any given day, sometimes long forms preponderate, at others 
shorter or intermediate varieties are more in evidence. The 
greatest body length is some gy or 1ow and the shortest 1-54. The 
average size probably lies between 3u and 5:5. Thickness is 
much more difficult to estimate ; Robertson (1924) estimated it at 
about 0-24 and Schockaert (1928) at o-rw. The width of the 
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organism as a whole, 1.e. of the spiral, is about 0-74. The waves 
or spirals, measured from crest to crest, each occupy from 0-8 to Iu 
and are very regular and fairly sharp. The number of such waves 
or coils in each Szrillum is accordingly directly proportional to the 
length, varying from one and a half to eight or nine. The ends 
tend to be blunt and rounded in the majority but in some there is 
a tendency to a more tapering extremity. In such as have the 
sharply-defined, blunter ends the terminal flagella are more commonly 
multiple whereas the more pointed types seldom have more than 
a single flagellum. 

The Flagella. Flagella are present at both ends of the body 
except, possibly as a result of division, in some of the shorter forms 
which are clothed at one end only. There is no relation between 
the number of flagella at one end and those at the other, nor between 
the number of flagella and the size of the body (McDermott). At each 
end they vary from one to seven, although Schockaert maintains 
that the flagellum is usually single. It should be noted that in 
dark ground preparations in which, either through exposure to 
light, cold, or some other mechanism, movement has been slowed, 
or in stained films, the flagella may appear to be single through 
several winding together. Occasionally several flagella may take 
origin from a common stalk. Dividing forms often have one or 
more flagella at the zone of separation. In active movement the 
flagella are extremely difficult to make out; those at the anterior 
end trail backwards alongside the body while the others project 
posteriorly. In fixed and stained smears they are far from easy to 
demonstrate because, for some reason, they do not stain readily, 
even using the same technique constant results cannot be obtained, 
and they so frequently wrap themselves round the body. The 
flagella may measure up to 7 or 8u. 

Multiplication. Multiplication takes place by transverse binary 
fission into two more or less equal portions. A constriction appears 
about the middle of the body and this gradually deepens until the 
two parts are connected by the merest thread, which eventually breaks 
as the daughter individuals draw apart. Certain peculiarities of 
movement may be seen in these dividing forms owing to the different 
alignment of the two halves. Under circumstances where multi- 
plication is, as it were, unusually rapid, e.g. in the peritoneal fluid, 
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division of the body into three, and more rarely four, is sometimes 
observed. 

Movement. Movement is most characteristic. It is also very 
rapid and consists chiefly of progression in a straight line, with 
sudden dashes to and fro, or in any direction, when either end for 
the time being may be the anterior. The lashing movements of the 
flagella frequently impart a spinning motion to the body as a whole. 
So far as is known undulatory movements do not take place although 
this is a point which again is difficult to resolve because the impetus 
given by the flagella may produce a slight movement of the body 
closely simulating undulation. This is especially the case when the 
movement is very slow or indeed has almost stopped and there is 
only a gentle rise and fall in a vertical direction, slight variations 
taking place in the focus both of the microscope and, more 
importantly, of the light from the dark ground condenser. 


NOMENCLATURE 


The question of structure is an important one, for the organism 
cannot be classified correctly until the details are accurately 
established. Leaving out of account for the time being the debatable 
point as to whether the morphologically identical forms found 
naturally in certain animals are specifically the same as the virus of 
rat-bite fever, it is convenient to consider here the systematic 
position of the parasite. Futaki and his associates placed it originally 
in the genus Spirochaeta, and Futaki (1926) still calls it a ‘ Spiro- 
chaete.’ In 1924 Robertson concluded that it was a Spirillum, 
but Mooser (1924, 1925) classified it with the Tveponemata. It has 
also been placed (Manson-Bahr, 1925) in the genus Leptospira, but 
as no reasons were given for this procedure and as there is not the 
slightest similarity between its structure and that of any Leptospira 
this can quite well be disregarded. With regard to the two genera 
Spirochaeta and Treponema the issue is further obscured by the 
fact that the classification of the ‘ spirochaete’ group is admittedly 
unsatisfactory and inadequate, with the result that some authors 
apply the generic name Sfirochaeta to all such spiral organisms. 
For present purposes, without expressing any view on this vexed 
question, it will be assumed that they refer to distinct genera, 


‘ 
Fin 
| 
| 
| 
. 
| 
i 
| 
| 
| 
jan 


384 


following in this respect Dobell (1918), who pointed out that the 
type species of the genus Tveponema (T. pallidum) was morpho- 
logically so different from Spirochaeta plicatilis (also the type species) 
that they could not be considered as belonging to the same genus. 
The rat-bite fever organism with its non-flexible body, multiple 
terminal flagella and absence of an axial filament, is much more 
divergent in character from the Spivochaeta than are the Treponemata, 
and the possibility of inclusion in that genus may therefore be 
ruled out. Much the same reasons hold good for exclusion from the 
genus Treponema within which it was placed by Mooser (1924). 
Bending of the body, such as was described by this worker, does 
not occur except as the result of extraneous influences or in dividing 
forms and whereas in a true spirochaete (i.e. Tveponema) the coils 
are formed by the bending of the organism as it travels, the coils (or 
waves) in Spivillum minus are preformed (Knowles and Das Gupta) 
and the organism has a rigid structure. It may be concluded, 
therefore, that it is distinct from the various genera of Spirochaetes. 

Zuelzer (1921) suggested that it should be regarded as a Spirtllum 
and Robertson (1924) definitely referred it to that genus. With 
a few exceptions this has been generally accepted, but attention 
must be drawn to the possibility that, if the waves of the body lie in 
one plane, as was stated to be the case by Ruys (1926) and McDermott 
(1928), and there is no true spiral structure, it may have to be 
classified not as a Spirillum but in some other genus. 


CULTIVATION 


Futaki and Colleagues (1917) claimed to have cultivated the 
parasite on Shimamine’s medium, but, as noted by Robertson (1924) 
the culture organisms differed very considerably from the forms found 
in man and animals, so much so, indeed, that it is possible some 
other spiral organism had been present in the cultures as a contamina- 
tion, or confusion had arisen with the threads of fibrin (the ‘ pseudo- 
spirochaetes ’ of Thomson, 1923) which are almost constantly to be 
found in a medium of that nature. In 1925, Joekes stated that he 
had been successful in attempts at cultivation. His medium 
consisted of an ‘ inspissated horse-serum slope (as commonly used 
for the cultivation of the Klebs-Léffler bacillus) covered by I0 c.cm. 
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of Vervoort’s medium with a pH of 7-2.’ Vervoort’s medium as used 
by Joekes was composed of I g. (? gram) peptone and 3 c.cm. normal 
phosphoric acid dissolved in goo c.cm. distilled water. The pH of 
Vervoort’s medium, originally 6-6, should not be re-adjusted before 
adding to the serum slope. According to Joekes Sfirilla were found 
alive and actively motile after three weeks whether incubated at room 
temperature or at 37°C. Cultures were not obtained from mice, 
only from guinea-pigs. 

A most curious feature of Joekes’ cultures was that they contained 
a motile coliform bacillus as well as the Spirilla. No one, so far, 
has been able to repeat these cultivation experiments, although 
many workers have tried to do so. McDermott, Schockaert, and 
Knowles and Das Gupta all record failures. Commenting on this 
subject Knowles and Das Gupta stated that they had attempted 
repeatedly to cultivate this parasite but without success. 


EXPERIMENTAL INOCULATION OF ANIMALS 


Before proceeding to the consideration of the inoculation experi- 
ments performed on various animals and the reactions of these 
experimental hosts to the virus, it is expedient to mention briefly 
the attempts which have been made to associate insects with the 
dissemination of the disease, not in the case of man but in naturally 
infected animals. The majority of such observations have been 
made on the rat flea and probably the most direct evidence, in 
a negative sense however, is that of Basu (quoted by Knowles and 
Das Gupta, 1928) proving that although the Sfzrilla could survive 
for twenty-four hours or longer in the gut of fleas fed on infected mice 
or guinea-pigs, there was nothing to indicate that they ever invaded 
the coelomic cavity or the salivary glands. This experiment is 
suggestive in that positive results might be expected if the gut 
contents of insects from infected animals were injected into fresh 
hosts. Schockaert, however, having ground up and injected into 
mice lice from two heavily infected guinea-pigs, did not succeed in 
producing infection corroborating in this respect the work of 
Wenyon (1905). It may be concluded, therefore, that there is no 
evidence in favour of insect transmission. 

Infection may be produced by the eating of tissues from infected 
animals, but the mechanism in such instances would appear to differ 
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only slightly from the usual for, unless abrasions or injuries are 
present in the upper part of the alimentary tract thus allowing 
ingress to the Sfzrilla, infection will not supervene. Schockaert, 
for example, fed six mice on tissues from guinea-pigs without 
producing a single infection although Kusama recorded a small 
percentage of positives after a similar infected meal. Mooser (1925) 
noted an instance in which transmission was probably effected 
during coitus. A male rabbit developed a chancre on the prepuce 
within fifteen days after coitus with an infected doe showing some 
oedema of the vulva and a little later developed a typical generalised 
infection. 

Mouse. In the list of susceptible animals may be included mice, 
white rats, guinea-pigs, rabbits, cats, ferrets, and Macacus rhesus. 
Mice are easily the most suceptible of all, followed in turn by young 
guinea-pigs and by adult guinea-pigs. The ease with which infection 
can be produced in mice by inoculation, the convenience of main- 
taining any given strain by subinoculation from mouse to mouse, 
and the comparatively constant course exhibited by the disease in 
that animal render it the most valuable experimental host. Mice as 
hosts have one possible disadvantage, viz. :—the frequency with 
which natural infections may be found. It is advisable, therefore, 
before inoculations are performed, to control the experiments by 
careful examinations of the peripheral blood for some time previous 
to the actual injection. On four occasions since 1924 the writer has 
discovered spontaneous infections of S. minus in laboratory mice 
which were either stock animals or were carrying some other parasite 
(Trypanosoma cruzi, Treponema recurrentis). 

According to Knowles and Das Gupta, inoculation of mice with 
blood from suspected human cases forms the most reliable and the 
most certain method of diagnosis. The blood must be obtained 
while the patient is in one of the pyrexial periods and they recommend 
the withdrawal from a vein of 3 c.c. blood which is immediately 
inoculated intraperitoneally into a guinea-pig (2 c.c.) and into 
a mouse (0:5 c.c.). In this manner, out of twenty-seven cases in man, 
only three gave negative results after injection into animals. As 
regards the actual injection it does not appear to matter appreciably 
whether it is performed intraperitoneally or subcutaneously. The 
period of incubation varies from three to fifteen days and on the 
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average lasts from about eight to ten days. The average is not 
constant for all strains, since some are more virulent than others. 
On their first appearance in the peripheral blood the organisms are 
scanty in number but they soon start to increase, so that after 
another seven days or so they have attained their maximum, when 
four or five and in severer cases even more (twelve to fifteen) may be 
counted in each microscopic field. The maximum intensity is 
prolonged for about eight days and there is then a gradual fall, 
with the result that after several weeks only a few rare individuals 
can be found after prolonged search. Occasional relapses do occur, 
and, as noted by Robertson (1924), it is usually possible to recover 
the strain by sub-inoculation after a considerable time has elapsed. 
McDermott states that the infection may be demonstrable by this 
means up to six and a half months from the date of the initial 
infection. Robertson also drew attention to the fluctuations which 
occur in the numbers of the parasites from day to day. Such 
increases and decreases—sometimes even temporary disappearance— 
are more noticeable during the time when the parasites are gaining 
in numbers. In the section on morphology it was mentioned that 
there is a tendency for a degree of uniformity in size of the organisms 
to occur on any given day. On some days long, dividing forms are 
more prevalent while at other times shorter or intermediate forms 
preponderate. The morphological variations would appear to 
correspond to a certain extent with the fluctuations in the actual 
numbers. 

Schockaert (1928) in his animal experiments was chiefly engaged 
in comparing the reactions of two strains one from a case of rat-bite 
fever in man with a second from mice. He concluded that the 
mouse as an experimental animal was equally susceptible to both. 
Infected mice (according to McDermott) do not appear to be other- 
wise than in perfect health and, even after an infection of prolonged 
duration, only show post-mortem a slight splenic enlargement. 
The disease in mice, according to Schockaert, differs but little from 
that in rats except that the pathological lesions are much less marked. 
The virulence of various strains towards mice is obviously not 
a constant factor. The strain described by Robertson (1924), 
which was isolated from a sodoku patient, at first caused the animals 
practically no inconvenience but later, after about a year, became 
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virulent, killing the mice in about fourteen days. This increase in 
virulence was gradual—concurrent infections were excluded as far 
as possible—and the rapid mechanical transmission from host to 
host might serve as an explanation for its occurrence. A second 
strain discovered accidentally in stock mice by the writer also 
proved to be definitely pathogenous, for while not fatal to every 
animal, those which harboured parasites, acquired either naturally 
or by injection, were certainly very ill. The other strains were 
of a much lower degree of virulence. No differentiating points 
could be discerned between human and animal strains. 

Salimbeni, Kermorgant and Garcin (1925), while working with the 
rat-bite fever organism in mice, had their attention drawn to the 
extreme infectivity of spleen pulp and suspected that a filterable 
form of the virus might be present in the tissues of that organ. 
They accordingly filtered spleen pulp diluted with water first through 
cotton wool and secondly through a Chamberland L 3 filter. The 
filtrate was injected into mice with positive results. McDermott 
repeated this experiment but was unable to confirm the presence of 
filterable forms. Troisier and Clément noted the presence of the 
specific parasite in the blood of young mice born of infected mothers. 
Salimbeni and his associates also favoured the view that hereditary 
transmission does occur, and they instance a case in guinea-pigs in 
which two young individuals were both found to be infected and 
died, the one in 31 days and the other in 68 days after birth. Spirilla 
were always present in their blood. Abe (1924), Worms (1926), and 
McDermott (1928), however, are inclined to doubt the possibility of 
hereditary transmission. The last of these workers (McDermott) 
ground up the tissues from a mouse newly-born of an infected 
mother, inoculated the resulting emulsion into a series of mice 
but failed in each instance to obtain an infection. 

Rat. The disease in rats is of particular interest in that this 
animal is the one which commonly transmits it to man and also 
because the course followed by the infection bears a marked similarity 
to that of syphilis in the human subject. This latter fact was 
emphasized by McDermott (1928), who gave at the same time 
a clear account of the various pathological lesions. This observer 
divides the malady into several stages. There is first a period of 
incubation followed by a ‘ primary ’ stage during which the organisms 
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are localised in the lesion and the regional lymphatic system. 
The presence of a local reaction, however, is denied by Schockaert. 
The ‘secondary’ stage may start within anything from four to 
thirty days after the inoculation and its onset corresponds with the 
appearance of the Sfivilla in the peripheral blood. During this 
phase the numbers of the Sfzvilla increase, attain their maximum 
which is less than that seen in the blood of mice, and then gradually 
diminish, finally disappearing in about four weeks time. Four 
months after the start their blood is no longer infective when injected 
into mice. Next there follows a latent period, the blood being free 
from organisms and this merges imperceptibly into the ‘ tertiary ’ 
stage. In this, the tertiary stage, the animals develop keratitis, 
conjunctivitis and iritis after from 33-4} months (Mooser, 1924). 
McDermott found that death usually supervened after nine months 
and post mortem the rats had ‘ gummatoid’ lesions in the lungs, 
lymph glands (especially those in the mediastinum) and occasionally 
in the liver and spleen. These lesions began in the lymphoid tissue 
with hyperplasia and proliferation of the reticulo-endothelial celis 
and this was followed by necrosis. Eventually in the lung nodules 
were present of all sizes up to that of a hazel nut and composed of 
necrotic material surrounded by a zone or capsule of fibrous tissue. 
That this necrotic area contained Sfirilla was proved by inoculation 
experiments into mice. Transmission of the disease to man can 
occur, and this is probably the commonest method, during the 
tertiary stage when the organisms from the eye discharge or bronchial 
secretion contaminate the saliva. 

Guinea-pigs. McDermott carried out a careful series of observa- 
tions on rat-bite fever in sub-inoculated guinea-pigs. In contra- 
distinction to Schockaert he found that a definite local lesion occurred 
at the site of injection, especially when it was situated on the scrotum 
or labia majora, with ulceration and a serous discharge containing 
Spinila. There was enlargement of the local lymph glands. 

Considerable variations have been noted in the virulence of 
various strains to guinea-pigs. Ogata, Ishiwara, Mooser, Ruys 
and Worms all found that the human strains they had under observa- 
tion were definitely pathogenous to guinea-pigs, whereas Row, 
Parmanand, and Robertson reported no pathogenic signs whatever. 
Much the same divergence of opinion is found with regard to the 
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pathogenicity or non-pathogenicity of strains found naturally in 
mice or other animals. McDermott found that after a few passages 
the virulence of his strain became more or less stabilised with an 
average incubation period of nine days, and a duration of life of 
about twenty-eight days. Guinea-pigs showed the usual con- 
junctivitis and keratitis. Post mortem there was noted interstitial 
myocarditis, hyperplasia of lymphoid and endothelial elements in 
the lymph glands and endothelial proliferation in the spleen with 
progressive fibrosis. 

Schockaert noted the occurrence of oedema in certain skin areas, 
e.g. of the eyelids, nostrils, lips, bases of the ears and genitalia. 
There were frequently areas of alopecia in the same situations and 
this was accounted for by a localisation of the Spivilla._ The alopecia 
varied in extent and more especially in degree and was mostly 
transitory, lasting for fifteen days to five weeks. At autopsy 
Schockaert noticed haemorrhages and hyperaemia in the lungs, 
liver, kidneys and suprarenals. McDermott draws attention to the 
occurrence of latent spirillosis, first described by Mooser (1926), in 
which there are no symptoms and no appreciable signs of the disease 
except involvement of the lymph glands. Grabow and Struwe (1929) 
report certain differences from the findings of Mooser, but they 
were more a question of degree than a true distinction. 

The changes occurring in the structure of the blood, bone marrow, 
lymph glands and spleen in guinea-pigs experimentally inoculated 
with rat-bite fever have been studied by Ishizu (1927). This worker 
found that though there was a distinct leucocytosis the lymphocytes 
showed a diminution both relative and absolute. There was, 
however, an increase in the monocytes and pseudo-eosinophiles. 
The red blood cells fall gradually in number as also does the haemo- 
globin percentage. Changes may occur in the red blood corpuscles 
themselves resulting in poikilocytosis, anisocytosis, polychromasia 
and punctate basophilia. In the spleen there is increase of the 
reticulo-endothelial system but the malpighian bodies are somewhat 
atrophied. The lymph glands of the mesentery showed atrophy 
of the capsule while in the centre of the gland there was a proliferation 
of the reticulo-endothelial cells and an increase of the plasma cells. 
The bone marrow as seen in the femur contained few erythroblasts 
but, on the other hand, there were numerous pseudo-eosinophile 
myelocytes. 
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Rabbits. Matsumoto and Adachi (1923) injected rabbits intra- 
scrotally with the formation of lesions similar to those of syphilis in 
that animal. After three to five days incubation the ‘ primary’ 
lesion appeared, followed by inflammation of the glands. Seven 
days after the appearance of the local condition signs of generalisation 
became evident. The course followed by the infection is very 
similar to that observed in guinea-pigs. Grabow and Struwe (1929) 
were able to demonstrate the patches of alopecia in albino rabbits 
but not in guinea-pigs. Immune bodies were found in the blood 
of rabbits and these observers are of the opinion that the immunity 
of recovered animals is dependent on these antibodies and not on the 
persistence of the infection. 

Other Animals. Inoculations into fowls were performed by 
Schockaert with negative results except that the serum of one 
bird six weeks after inoculation contained powerful lytic substances. 
In monkeys, rat-bite fever seems to follow a course very similar to 
that in man (Futakie¢al. ; Ishiwara etal. ; Kitayamaand Mukoyama, 
1917 ; Kobayashi and Kodama; Ruys). Experimental inoculations 
have been performed on cats by Mooser (1925), Kasai (1923), and 
McDermott (1928), the last of whom found that although S#irilla 
were not demonstrable in the blood by direct microscopical technique 
their presence could be proven by inoculations into mice. Two 
ferrets also were infected by this worker. 

Man. Inoculations with the virus of rat-bite fever have been 
performed on man as a therapeutic measure in cases of general 
paralysis of the insane. This has been done in America by Theiler 
and colleagues (1926) and in Europe by Schockaert (1928). It is 
not within the compass of the present work to discuss in detail 
the effects of the treatment. Suffice it that the results do not appear 
to be in any way superior to those obtained by induced malaria. More 
recently Hershfield, Kibler, Colby, Koenig, Schmid, and Saunders 
(1929) have described the effects of treatment with injections of 
Spirillum minus in seventy-two cases of paresis. Ten patients 
died during the treatment, but only two of the deaths were 
attributable to the rat-bite fever. Ihe height of fever was not 
proportional to the degree of improvement evidenced by the patients 
for some in whom the temperature never rose unduly showed more 
improvement from the point of view of mentality than others with 
very high temperatures. A year after treatment 50 per cent. of the 
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patients showed varying degrees of improvement in the physical 
condition, while 20 per cent. showed slight to marked mental improve- 
ment. About ro per cent., although at first showing improvement 
in the mental condition, later relapsed. 

These inoculations into man have shown conclusively (Schockaert) 
that man is susceptible to the Sfzrillum no matter whether the 
organism is derived originally from a sodoku case or from a natural 
strain in animals. Experimental sodoku does not differ from that 
following the bite of an animal. The ‘ primary’ lesion may be 
prevented if the injection is intravenous and care is exercised to avoid 
contamination of the skin. 

In man, apart from the ‘ primary’ lesion with its accompanying 
lymphangitis and lymphadenitis, no highly characteristic patho- 
logical lesions have been described. Rather are the findings, in such 
cases as go on to a fatal termination, similar to those which might 
occur in almost any febrile condition. One of the earliest accounts 
of a post mortem examination was that of Miura and Toriyama (1897). 
The case was one of a woman aged 32 who died on the 7oth day 
after the bite. The cerebro-spinal fluid was increased in amount 
and the meninges showed a degree of hyperaemia. In the lungs 
a slight amount of inflammatory oedema was noted, but apart from 
this no other visceral lesion was detected. 

The case recorded by Blake (1917), which has already been 
referred to above, was of interest in that a Streptothrix was isolated 
from the ulcerative endocarditis on the heart valves. In addition 
there was myocarditis with degeneration and necrosis of the cardiac 
muscle fibres. In their two cases Kaneko and Okuda found the same 
cachectic condition as was noted above. The viscera were hyper- 
aemic and the liver and kidneys showed parenchymatous 
degeneration. In the bladder there was some slight cystitis and 
the stomach and intestinal mucosa showed signs of catarrhal gastro- 
enteritis. The heart muscle had evidence of myocarditis. It is 
obvious that the pathological records on human cases, especially 
as those which are available are from individuals showing great 
disparity in age and physique, are too scanty to permit of 
generalisation. 
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SEROLOGY 


The Wassermann reaction has been tried by numerous observers 
on cases of rat-bite fever with a considerable proportion of positive 
results. ‘ If syphilis can be excluded,’ says McDermott, ‘ a positive 
Wassermann reaction would be significant.’ Surveyor and Row 
recorded negative results, while in the series of cases reported by 
Knowles and Das Gupta nine were tested, six were negative, one 
was doubtful, and two were ‘moderately’ positive. These last 
two authors are inclined to doubt the diagnostic value of the com- 
plement deviation test. The work of Nakamura (1928) has been 
noted above. 

Ito, Ido, Wani and Okuda (1917) were the first to demonstrate 
the presence in the serum of convalescents substances exerting a lytic 
effect on the organisms. In 1919 Kusama, Kobayashi and Kasai 
studied three strains of Sfivilla, one from man, a second from a rat, 
and the third from a field mouse. The strains from man and the rat 
were pathogenic to guinea-pigs and monkeys but no symptoms 
were observed in these animals as a result of inoculation with the 
field mouse strain. Antibodies were not produced by the guinea-pig, 
the rat or the mouse. Serum from monkeys inoculated with the 
human and rat strains caused lysis 7 vitro of the three strains whereas 
monkeys injected with the mouse strain produced immune bodies 
only to the infecting strain. It was noted, however, that an infection 
with one strain immunised the animal against re-inoculation with 
either of the other two strains. 

The divergence exhibited serologically by different strains is 
exemplified by the work of Kobayashi and Kodama (1919). Two 
strains were isolated from rats ; one of these was infective to guinea- 
pigs and monkeys and the serum of such animals after recovery was 
lytic for both strains whereas the other neither could produce 
a demonstrable infection nor did the serum show any lysis 7m vittro. 
Infection with the latter (milder) strain must have occurred for, 
subsequently, experimental animals were protected against inocula- 
tion with the more virulent organisms. 

Kasai studied three strains, one human and the other two from 
wild and white mice respectively, in kittens. He found that the 
human and wild strains caused the presence in the serum of substances 
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lytic to all three, but from the white mouse strain a lytic effect was 
produced only in the same strain. Robertson (1924) demonstrated 
the presence of immune bodies in the serum of guinea-pigs which, 
though showing signs of disease, never had S#irilla in their blood. 
The immune bodies did not appear to be very powerful since in 
dilutions of less than one in four their effect was negligible. No 
signs of agglutination were observed although Yamada stated that 
this phenomenon did occur. 

According to Schockaert the immune bodies are almost exclusively 
lysins, which, when the serum is only slightly diluted and is allowed 
to act on a heavy infection of Sfiriila in the blood (four or five per 
microscopic field), are generally very active, so much so that the 
process actually may take place during the admixture of the infected 
blood and serum on the slide. In dilutions of I in Io and I in 20 in 
physiological saline, which by itself has no influence on the organisms, 
the action of the serum is very feeble indeed and in I in 100 is 
unappreciable. Schockaert controlled his experiments i vitro 
by inoculating animals with infected blood which had been subjected 
to the action of lytic serum for one hour at room temperature (five 
drops of serum, three drops of blood). It was concluded that the 
serum in question was really active if, after the expiration of the 
normal period of incubation, infection had not taken place or if the 
onset was markedly delayed beyond the usual. 

Schockaert carried out a most interesting series of observations 
on his cases of induced infection in man. He found that with 
a human strain derived originally from a rat-bite fever subject 
(Paris strain) the serum was practically equally lytic towards the 
same strain and also towards the mouse variety (Louvain strain). 
The appearance of the lysins in the serum would seem to take place 
between the fourteenth day after the first attack and one month. 
One case had only a faintly lytic serum on the fourteenth day—the 
infecting organisms were still present in the blood—while in another 
fifteen days immobilization and lysis (of both strains) was complete in 
three minutes. In contradistinction the mouse variety was inert 
(one case) or provoked the formation of lysins very faintly active to 
the human strain (the second case), but was extremely potent when 
in contact with the same strain. Infection in man with the Paris or 
the Louvain strain equally protected against re-inoculation with either 
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variety. According to Schockaert rats infected with the human 
strain never produced antibodies against either the human or mouse 
strains but those inoculated with the mouse strain formed lysins for 
the specific organism only. In mice the production of antibodies is 
extremely doubtful. Guinea-pigs certainly do produce antibodies. 
McDermott (1928) found that the serum of guinea-pigs at a late stage 
of the disease, in dilutions up to 1 in 8 was capable of immobilizing 
Spirilla in mouse blood in one hour no matter whether the strain 
was human or from mice. In rabbits antibodies were present after 
about ten weeks ; immune serum from such animals first immobilized 
and later caused lysis of the organisms in dilutions up to I in 16. 
The immune serum was also active against the mouse strain. 
According to Schockaert rats infected with the human strain never 
produced antibodies against either the human or mouse strains 
but those inoculated with the mouse strain formed lysins active 
against the specific organisms (i.e. these from the mouse strain) only. 

The curative and protective action of immune serum has not 
been fully investigated although certain evidence adduced by 
Schockaert is highly suggestive. A dose of serum from a human 
case (1-8 c.c.) injected into a guinea-pig caused immediate dis- 
appearance of the previously numerous Spirilla. Death occurred— 
probably from the liberation of endotoxins—in a few hours. 
Inoculated mice, too, lost their infections (with either human or 
mouse strains) when treated with a dose of 0-5 c.c. of immune 
human serum. Mention has already been made of the findings of 
Grabow and Struwe (1929) who found immune bodies in the blood 
of rabbits and that the immunity of recovered animals is supposed 
to depend on these antibodies and not on a persistent (latent ?) 
infection. 

Kuipers (1929) inclines to the belief that the cyclic course of 
rat-bite fever in man is to be ascribed either to a periodic rise in the 
production of toxins or to a periodical alteration in the relation 
between the toxins and the bodily resistance of the patient. This is 
based on the assumption that no cyclic alterations are known in the 
life of S. minus. (As has been noted above, Robertson (1924) 
drew attention to the fact that the numbers of the organisms in the 
peripheral blood of sub-inoculated animals was subject to periodical 
variations or fluctuations.) The rise in the number of eosinophile 
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leucocytes, which occurred in a case described by Kuipers and 
Ruys (1929), during the few days preceding an attack, is considered 
to be in the nature of a reaction to some substances produced by the 
infection. 


CHEMOTHERAPY 


Since the discovery in 1912 of the curative effect of salvarsan on 
human cases (Hata; Surveyor; Dalal), numerous drugs have 
been tried on man and animals, but none has yet been discovered 
which is to be preferred to the arsenical derivatives. It is possible 
that the antimonial stibosan may prove on further investigation 
to have a definite action. Bismuth and mercury have little effect 
on the course of the infection. Small doses of arsenical compounds 
do not cause the formation of arsenic resistant (drug fast) strains. 

Schockaert (1928) has tested a number of preparations from the 
point of view of their action on experimentally induced S. minus 
infections in mice and guinea-pigs. The mice were treated during 
the second week of the infection when there were the greatest 
number of Sfirilla in the blood. Tryparsamide, trypaflavine and 
germanin (Bayer 205) were found to have no effect. Arsenic in 
inorganic form had no effect on infected mice in dosages about 
0-3 mgr. per 20 grams body weight. Organic arsenical preparations 
were more efficient. Atoxyl, for example, in a dosage of I mgr. 
per 20 grams B.W. and stovarsol (5:5 mgr. per 20 grams B.W.) 
caused a diminution in the number of organisms in the blood of 
mice but in guinea-pigs (in equivalent doses) they had no action. 
Sulfarsenol in dosages of 2-85 mgr. per 20 grams B.W. was sufficiently 
active to cause the disappearance of the Sfirilla from a heavily 
infected mouse’s blood for 13 days. Neosalvarsan was most 
remarkably active for, in doses of 2 mgr. per 20 grams B.W. the 
organisms disappeared for 15 days from the blood of mice while 
in guinea-pigs the same effect was obtained for from 4 to 10 days 
with dosages of 15 mgr. per kgr. B.W. One mouse was completely 
cured. 

Four cases of induced sodoku in man (general paralysis of the 
insane) were cured with sulfarsenol, the highest dose of which was 
36 cgr. Bismuth sodium tartrate had some action in mice, causing 
the organisms to disappear for one day. Tartar emetic had no 
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effect but stibosan (m. chloro-p acetylaminophenyl-antimoniate of 
sodium) in doses of I-30 mgr. per 20 grams body weight caused the 
disappearance for 10 days in mice and for an equal length of time in 
guinea-pigs in doses of 55-5 mgr. per kgr. B.W. 

Schwarzmann (1929) treated infected mice with salvarsan, 
but although the S#zrilla disappeared from the circulation for 
a time, relapses occurred in at least 75 per cent. Abe and Shimoda 
(1927) used successfully oxyacetyl-aminophenyl-arsinic acid but 
Fischl (1929) found that solganal, solganal B, and lopion, all gold 
preparations, had no effect. 
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EXPLANATION OF PLATE XIII 


Spirillum minus Carter, 1887. 


Photomicrographs at a magnification of x 2,500 approx. The 
specimens were stained with Tribondeau’s modification of Fontana’s 
silver nitrate impregnation method. The films were prepared from 
the peritoneal fluid of mice, showing a heavy infection in the peri- 
pheral blood. In the majority of instances the bodies appear to be 
thicker than they would in the unstained condition. In the centre 
are two dividing forms each bent on itself like the letter U. 
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taxis for a hookworm larva, it would not, when lying in water, 
exhibit actions which suggest that it is doing its best to escape from 
that water, yet as will be seen that sort of movement is exactly what 
it does show. Nor can this be explained as a negative hydrotaxis, 
for no species which continues to survive can have an inherent, un- 
controlled impulse to get away from the element on which its life 
depends. Hydrotaxis, positive or negative, can be excluded from 
consideration in connection with hookworm larvae. 


BEHAVIOUR IN A DEEP GLASS CELL 


These cells are about forty times as deep as the length of the 
larva. They consist of cubical boxes of optically flat glass, each 
side measuring 25 mm., and of a cover of the same material. Water 
containing the larvae to be examined is placed in a cell and more 
water added tillit seems full. The cover is then laid over about three- 
quarters of the cell, making contact with the water so that no bubble 
is enclosed. Should this happen, the box is slightly tilted and the 
bubble if possible made to glide into the uncovered part and to 
burst, helped, if necessary, by a hot wire. Should the bubble refuse 
to move, the cover is lifted off, wiped and replaced. When no bubble 
is imprisoned, water is, if necessary, added to the cell from a pipette 
till the uncovered surface appears flat, the cover then being slid into 
position. If in doing so an air bubble becomes enclosed, the cover 
must be slid back and more water added. For clear vision the box, 
when closed, must be completely free from any bubble. All 
manipulations should be carried out in rubber gloves and rubber 
apron. The optically flat bottom and sides of an accurately filled 
but uncovered cell allow of examination in one plane right up to its 
margins, which is not the case with any other vessel; but unless 
the surface of the water is quite flat the surface meniscus obscures 
clear vision of all parts near the edges, and even if complete flatness 
can be arranged in an uncovered cell, the rippling of the surface 
which occurs with every movement of the cell blurs vision everywhere. 
With the cover applied and no bubble enclosed there are sharp 
unwavering images of every part of the cell’s floor under a low, say 
a two-inch, objective. They are indeed so sharp that the mirror 
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reduplication of larvae which lie close to the side of a box must not be 
allowed to give inaccurate larval counts when these are made. 

If shortly after its filling the focus is adjusted well above the floor 
of the cell, larvae are seen either quiescent or in sinuous graceful 
movement, drifting about in the currents caused by the filling. 
That in either case they are merely drifting is clear from the parallel 
movements of the just-visible specks of other matter also suspended 
in the water. 

While these indications of water currents are being watched, three 
things will be noticed. First, a straight, living, but motionless larva 
as it drifts along gradually takes up a position head-on to the current, 
as is shown by the way the drifting specks pass it; for of course 
nothing immersed in water ever drifts quite so quickly as the current 
which bears it along, and the larger the body the greater the lag. 
The cause of the larva’s altering orientation lies in its shape which 
places its centre of gravity in front of its equator, so that, just as 
does a weather vane, it must by the friction of the passing water 
passively head into the current. The same effect is seen as its own 
weight carries such a larva through the water to the bottom. It 
slowly turns head downwards, and time after time it will be found 
that the part which first touches the bottom is the anterior end. 
Second, a dead larva, recognised by its loss of sheen and its coarsely 
granular contents, remains suspended more readily than a live one ; 
some may be found drifting about in the upper part of the cell long 
after all living active or passive larvae have fallen to the bottom, 
as they all do after a relatively short time. Dead larvae are, then, 
lighter than living larvae and more susceptible to the action of 
currents. Third, a suspended active larva, moving with its usual 
rather slow grace, seems to head in no particular direction, nor-do its 
movements result in appreciable progress through the water. 
Evidently these slight currents produce no directive stimulus, no 
rheotaxis, and the slight friction between the water and the smooth 
sides of the larva give the latter little purchase. 

As soon, however, as a larva reaches the bottom, the 
added friction, smooth as the glass is, allows the larva to progress 
slowly head first, and this advance will bring it in time to the glass 
sides of the cell. But there is no more justification for supposing 
that the glass side has attracted it there, than for suggesting the same 
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of an obstructing wall against which a blind man hits his face. 
After all, the glass floor has been far nearer to it all the time. 

On being brought to a standstill by the side of the box, larval 
movements often become more energetic and are very persistently 
directed roughly at right angles to the side wall of the cell. Though 
they may now be described as boring in character they are, as is fully 
recognised, essentially the same as those which brought the larva 
there, though perhaps of increased intensity; yet they must be 
accepted as now coming under Przibram’s definition of a taxis, since 
they are directed roughly at right angles to a surface with which the 
larva is in contact and which, by its opposition to advance, provides 
a stimulus to which it continues to react. The movements at this 
stage fall in with the definition given by Filleborn of a thigmotaxis, 
namely a directive stimulus produced by contact with a stable 
body. The stimulus is indeed so definitely directive and so successful 
in retaining the larvae at the side of the cell that the quickest way 
to determine their presence in suspected fluid is to examine first the 
edges of the cell floor after larvae have been given time to reach them. 

These sinuous movements affect, however, the whole larva 
including its head, so that this is not maintained exactly at right 
angles to the side of the box against which it butts; accordingly 
the larva sideslips. These sideslips are rarely equal in both directions 
so that nearly always a larva can be observed sideslipping mainly 
in one direction until it reaches a corner. To move away from a 
corner would now be to move backwards and this action I have 
never seen effected by a free-living hookworm larva although I have 
watched many hundreds. Within bodily tissues Looss (1911) has 
reported such tail-first retreat, but it must rarely occur outside the 
body. When many active larvae have been placed in a cell their 
sideslips eventually produce a striking mass of wriggling individuals 
filling the corners. As has been noted, the glass forming the distant 
sides of the cell cannot have a greater attraction for a larva than the 
glass of its floor with which the larva is in close contact from the 
time that it falls to the cell’s bottom, nor can the angle formed 
by two sides overwhelmingly attract larvae into it. These, therefore, 
reach the sides of the cell simply because their instinct for progression 
has in time carried them on till they can get no further ; they stay 
at the sides because the resistance these offer to their progress 
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induces a thigmotaxis ; and they reach the angles not because they 
like to work or play in company, not because they have any herd 
instinct, but because the sloping walls lead each of them there 
mechanically, the corners having as little attraction for them as 
has the keddah for the herd of elephants which has come within 
the converging arms of its approaches. 


Mechamcal Activation. 


Larvae react to certain stimuli. Tapping the cell gently on 
the bench will usually activate them, as will their transference from 
one vessel to another. For fifty years it has been known that heat 
activates larvae, that its effect is temporary even when the 
temperature is maintained, and that if reapplied within a short time 
it is less effective than it was at first. Ifa cell is placed on a water 
stage whose temperature as shown by its thermometer is raised to 
45° C. (the contents of the cell not, however, reaching that 
temperature) the larvae within it become violently active, and may 
even leave the cell’s floor to some extent ; though to what degree 
the strong currents, and to what the great activity, induced by the 
heat are respectively responsible for this lift, it is not easy to 
determine. If the hot stage is laid on the top of the cell, the larvae 
at its bottom remain there unactivated. 

The writer has never been able to repeat the clear-cut results 
reported by Khalil (1922) in which larvae swam upwards to, and 
remained at, a heated point in the upper part of a vessel of water ; 
nor to convince himself that there are convention currents of a kind 
which will lift precipitated fuchsin and yet leave unlifted the easily 
raised dead larvae. Fiilleborn seems to be of the same opinion 
since he lays stress on the very disturbing currents which are set up on 
attempting to investigate thermotaxis by the local heating of water ; 
currents so confusing that he for his part studied larval movements 
on an agar dish heated at one point, by placing tufts of strongyloides 
larvae upon it I cm. to 2 cm. from the heated part. He reported that 
most of them moved at the ‘ fabulous ’ rate of I-5 cm. in Io seconds 
towards the heated point, that if this became excessively heated they 
remained fixed in a half circle round it, but that some individuals 
swerved back from it at the right moment. This last he correlates 
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with Khalil’s observation that in his experiments some larvae at the 
edge of the vessel remained unattracted by the heated point. 

Since some larvae refused to show any thermotaxis and others 
turn away from the point of heat, is not the explanation of their 
general activity something else than a thermotaxis? Is not activation 
by heat a sufficient explanation of the phenomena observed in this solid 
medium, acting in some such manner as the following? When larvae 
are placed at one point in such a petri dish and heat applied to another 
they will mostly become active as the heat reaches them. So long 
as their activity happens to carry them towards the source of heat, 
the rising temperature they experience will make them increasingly 
active and they will move towards the source of heat with increasing 
rapidity, so that within a given time many will chance to reach it. 
As soon as their activity begins to carry them past or away from the 
source of heat their movements will rapidly slacken with the fall 
in temperature, while if it have not originally taken them towards 
the source of heat their progress from the beginning will be slow and 
slight. Accordingly at a certain interval after they have been 
placed on the agar dish the only part where those larvae, which have 
left the site of inoculation, will be found agglomerated will be at the 
point of application of heat. This consideration implies that, could 
there be produced mechanical larvae provided with quite erratic 
movements which increased in energy as the temperature rose to a 
certain point, and then ceased abruptly as it passed that point, there 
would, it seems, be produced just such a distribution and behaviour 
as that described by Fiilleborn. 

All these considerations seem to justify an expression of disbelief 
that any sure evidence of thermotaxis has yet been offered, since 
the purely mechanical results of water currents or of activation by 
heat seem to explain all the phenomena, general and exceptional, 
more satisfactorily than does a thermotaxis. 


Chemical Activation. 


Looss (1911) held that after their second ecdysis sheathed larvae 
received no further nourishment. It has been noted above that their 
passage from quiescence to activity is sudden and unforeseen, and that 
it may chance to coincide with the application of a supposed stimulus 
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and yet be independent of this. In the writer’s experience activation 
has too frequently occurred after the addition of serum (not obtained 
free from red corpuscles) to the fluid in which sheathed larvae lie 
for this to be fortuitous. This implies that some substance in 
serum has penetrated the sheath. If this conclusion is correct, 
substances which nourish larvae may also penetrate the sheath ; and 
this may explain the very varying degree of longevity reported for 
infective larvae by different observers, and the fact that their life 
has sometimes been very greatly prolonged. 


BEHAVIOUR IN A CAPILLARY TUBE 


A capillary tube is so fastened to a slide with plasticine that 
an up-turned expansion at one end is capable of receiving larva- 
containing water from a pipette, and a down-turned portion at the 
other is capable of being temporarily or permanently narrowed 
to regulate the rate of flow through the apparatus, which itself is so 
arranged that the capillary portion is under the microscope. After 
filling the apparatus with water at about 35° C. to the exclusion of 
bubbles, active larvae are added to the expanded part. If the 
relation between the head of positive water pressure at one end, and 
of negative pressure and the size of the exit at the other, have been 
happily balanced, active larvae will be seen under the microscope 
steadily heading up stream. It will further be noticed that as soon 
as a larva ceases to be active it is forthwith carried off down stream 
and passes out of sight in a flash. The larvae then which remain 
in view under the microscope are merely those which happen to be 
moving in the direction and at the rate which will keep them under 
this particular form of observation. That they are seen moving 
up stream in conditions which forbid of their observation unless they 
are doing so is not satisfactory evidence of a rheotaxis. To establish 
the existence of this would seem to require much more complicated 
experiments. Further, as has been noted, observations on larval 
behaviour in a cell disclose no active reaction to currents of the 
magnitude there met with, but do show that an upstream position 
will tend to be called into being mechanically by the shape and 
balance of the larvae. 
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BEHAVIOUR IN A FILM 


In a considerable drop of water on a slide larvae behave as 
they do in a cell ; their progress on the slide is slow and relatively 
ineffective. But, if active, they eventually reach the margin of the 
drop, and, as in a cell, persistently butt against this edge, which is 
held together in this case by surface tension. There is no more reason 
to suppose that their collection at the edge is evidence of a margin 
taxis than to maintain that their exactly similar aggregation against 
the glass sides of a glass-floored cell is evidence of a glass taxis. 
Nor can it properly be attributed to an oxygen taxis since oxygen 
in the atmosphere overlying them is necessary neither for their life 
nor their activity. Thus Boycott (1905, 1911) found that infective 
larvae retained the most lively movements for three weeks under 
hydrogen or nitrogen, and for at least eight days under carbon dioxide 
or in a vacuum—that is, under water vapour. These positive 
observations must outweigh those of Plett in Fiilleborn’s laboratory, 
who found indeed that carbon dioxide produced a negative taxis 
and that hydrogen caused cessation of activity ; but stated that if 
exposure to hydrogen and to air were several times alternated, larvae 
no longer ceased activity under hydrogen. In explanation of the 
facility with which larvae dispense with oxygen, Looss (1911) 
suggested that they obtain their supply of this by some chemical 
change associated with that absorption of their constituent granules 
which accompanies their activity. 

All these considerations lead, then, to the conclusion that the 
arrival of larvae at the margin of a deep drop of water requires for 
explanation the action of no taxis of any kind, but occurs merely 
because in their blind diffusion they can get no further; having 
reached it, they are retained in its neighbourhood by thigmotropism. 

Moreover, as Fiilleborn has noted, an observation readily 
confirmed, larvae collect in any tongue-shaped extension or in any 
angle of the margin of the drop, and he particularly mentions an angle 
where the water is skirted by air on one side and vaseline on the other. 
But their presence there should be explained, not as caused by any 
special taxis or because they are companionable creatures, but as the 
mechanical result in identical conditions and on a series of individuals 
of active movement, of thigmotropism, and of sideslip. They 
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collect because the same mechanical conditions guide each larvae 
to the same spot. The phenomenon is exactly the same as is seen at 
the angles of a glass cell and is explicable in the same mechanical way. 

These are the conditions seen in a considerable drop of water. 
As this lessens by evaporation, two phenomena may be observed. 
With every shrinkage of the drop towards its centre, the tendency 
is for the surface tension of its edge to drag the larvae mechanically 
inwards towards its centre so that they become concentrated in the 
lessening pool; though if any part of the drop gets left behind by 
irregular shrinkage it may contain larvae. On the other hand, as the 
drop becomes shallower and its upper surface with its surface tension 
approaches the slide, a larva evidently obtains a purchase between 
the two, for, if already at the margin of the drop, it may no longer 
butt against this ineffectively but by its thigmotaxis may burst 
through, and may progress along the slide until the slight film 
of water which it has carried with it dries up and it perishes. If 
the larva is not near the margin of the preparation, the purchase 
obtained against the now approximated upper and lower surfaces 
permits of rapid advance. Thus, in these conditions, and at room 
temperature, the writer has observed a larva escape from its sheath 
in a thin film of water such as that now considered and travel with 
markedly leisurely movements for 12 mm., measured in a straight 
line from the discarded sheath, in ten minutes ; after which it passed 
into a phase of quiescence. This is at the rate of three inches an hour. 
As noted above, Fiilleborn has observed with a lens on agar, and under 
the stimulus of heat, a tuft of strongyloides larvae moving at the 
rate of I-5 cm. in ten seconds, or 5:2m. (6 yards) anhour. He himself 
speaks of the rate as ‘fabelhafter’; it is perhaps partly caused 
by a diffusion on and in the agar of the fluid in which the tuft was 
necessarily contained. But in favourable conditions active migration 
of larvae is evidently considerable and the writer’s observation 
on the rate of active progress made by this leisurely moving larva 
clearly does not measure the capacity for migration of one which is in 
energetic action. Further, Filleborn has shown that active advance 
of strongyloides larvae is not influenced by any barytaxis (or 
geotropism), positive or negative, but apparently occurs with equal 
facility in all directions, upwards, downwards or sideways; and 
the same presumably holds for hookworm larvae. 
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As regards the distance which has actually been covered in 
nearly natural conditions, Florence Payne (1923a) buried hookworm 
larvae under three feet of sandy loam in a vertically set pipe 12 inches 
in diameter. They became visible on the surface to a hand lens in 
fifteen days. No greater depth was investigated and this experiment 
was closed after eighteen days, but there is no reason to suggest 
on the one hand that larvae cannot penetrate more than three feet 
of soil or on the other that they cease to wander after eighteen 
days. At the termination of the experiment one larva in 400 had 
reached the surface layer, while I in 50 was discovered by water 
extraction somewhere between this and the place of burial. Those 
not found were probably dead or had escaped through one or other 
end of the pipe, which was provided with no larval trap. It is clear 
that the capacity for diffusion of mature larvae is great, and that 
their radius of action is essentially determined by the physical 
conditions of their environment, of which the size of soil particles and 
the arrangement of water films round them are particularly important. 

While this behaviour is needful for the survival of the species, 
it may lead individual larvae into situations in which their death 
is inevitable. This is of little import to the species since the progeny 
of a single pair of necators would in optimum conditions number 
Over 15,000,000,000,000,000,000,000 at the end of one year, and of 
ancylostomes apparently many more ;_ but such behaviour has 
this importance in preventive medicine that there should be a 
possibility of devising traps which would use it for the self-destruction 
of hookworm larvae as they escape from certain types of imperfect 
latrines. 


CONCLUSIONS 


These observations and this reasoning lead then to the conclusion 
that there is no adequate evidence for the existence in hookworm 
larvae of any taxis other than thigmotaxis, the result of actual contact, 
and that observations which have been held to suggest the contrary 
are explicable on purely mechanical grounds. They lend little 
countenance to any departure from what seems to have been Looss’s 
opinion. They may be summarised conveniently if dogmatically 
by the statement that the behaviour of a larva is not complicated. 
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It comprises automatic movement of a kind which will enable it to 
reach its normal host ; movement which is capable of intensification 
by disturbance through that host’s foot, by the heat of his body and 
perhaps by his specific body fluids, and of conversion into a 
thigmotaxis by the resistance to entry offered by that host’s skin. 
Nothing more seems necessary to explain observed larval behaviour, 
and nothing more to be implicit in it as observed. 
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TRICHOSTRONGYLUS CAPRICOLA 
Ransom, 1907, FROM THE GOAT IN 
ENGLAND 


BY 


H. F. NAGATY 


VETERINARY RESEARCH STUDENT IN THE PARASITOLOGY DEPARTMENT 
OF THE LIVERPOOL SCHOOL OF TROPICAL MEDICINE 


(Received for publication 20 May, 1930) 


During investigations on the morphology of the genus 
Trichostrongylus, the writer came across two bottles containing 
a large number of worms. One of them was kept in the museum 
of the Liverpool School of Tropical Medicine and was labelled: 
‘Worms from upper ileum of Goat 135. I1.1.21.’ and on a separate 
label ‘ T. instabilis’. The other bottle was kindly lent by Mr. A. W. 
Noel Pillers, F.R.C.V.S., and was labelled ‘ Worms from debris of 
lower ileum. Goat 135. II.1.2I.’ 

On referring back to the books in the School it was found that 
the goat 135 was received on 18.12.1920 from Mr. Boyden, of 
Bromsgrove, England, for Mr. A. W. N. Pillers, and it was stated that 
the goat was infected with round worms. The goat was later killed 
owing to emaciation and was found to harbour, together with 
other worms, Trichostrongyles in the duodenum, jejunum, and 
ileum. 

On examining the worms the writer found that they were a mixed 
infection of T. capricola Ransom, 1907, T. colubriformis Giles, 1892, 
Ransom, 1911 (= 7. instabilis), and T. extenuatus (Railliet, 1898) 
Ransom, 1907. 

The writer made an exhaustive search in the literature for the 
record of 7. capricola in Great Britain, with a negative result ; the 
species of this genus so far recorded in Great Britain for ruminants 
(mostly sheep) are only T. colubriformis (Giles, 1892), Ransom, IgII, 
T. vitrinus Looss, 1905 and 7. extenuatus (Railliet, 1898) Ransom, 
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Furthermore, the diagnosis of the writer of T. capricola was 
confirmed by comparing this species with co-types kindly lent by 
Dr. M. Hall, of U.S.A. Bureau of Animal Industry, Department 
of Agriculture. The writer therefore takes this opportunity of 
recording 7. capricola in goats for the first time in England, as it 
appears (like other members of the genus) to be of both pathological 
and economic importance. 

A full account of the morphology, hosts infected and geographical 
distribution of the genus will follow in a later publication. 
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THE DOMESTIC MOSQUITOS OF 

GADAU, NORTHERN NIGERIA, AND 

THEIR RELATION TO MALARIA AND 
FILARIASIS 


BY 


A. W. TAYLOR, 


ENTOMOLOGIST, TSETSE INVESTIGATION, NORTHERN NIGERIA 
(Received for publication 11 June, 1930) 


The following report concerns results obtained from the regular 
examination and dissection of domestic mosquitos from the Tsetse 
Investigation headquarters at Gadau, Northern Nigeria, during the 
period June, 1929-March, 1930. It is regretted that pressure of 
other work necessitated absence from the station during November 
and December, 1929, and made it impossible to deal with several 
important points with relation to mosquito breeding and aestivation 
during the dry season. 


I. SITUATION 


The Tsetse Investigation headquarters at Gadau is situated on 
a high sand ridge four miles south of the Jemaari River, and eleven 
miles north of Azare. The surrounding country consists of 
undulating sand ridges, replaced towards the river by a low-lying 
mud plain which is usually more or less flooded during the rainy 
season. On the high ground the vegetation is of an open type 
with low thorn scrub and scanty Baobab, and much has been 
replaced by farm land. The natural vegetation on the river plain 
is heavier Baobab bush with dense thickets leading to heavy fringing 
forest along the river banks. 

The Jemaari river flows for about six months in the year, and 
during the dry season the only open water in the district is confined 
to pools of varying size in the river bed or near it, From December 
to June the nearest open water to Gadau is at a point on the river 
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three and a half miles from the station. During this period the 
inhabitants of the neighbouring villages rely entirely on deep wells 
for their water supply. 


Il. CLIMATE 


The climate is dry, with an average annual rainfall of 28 inches, 
all of which falls between April and October. The meteorological 
records for 1929 are given in Table I. 


TABLE I 


Meteorological Records, Gadau, 1929 


Mean Absolute | Absolute Relative Prevailing 
Month Temperature Maximum ; Minimum | Humidity | Rainfall Wind 
January 68°7 87 51 | 34 N-NE 
February 77°4 | 93 54 | 30 N-NE 
April... 88° 72 33 N-NE-W 
May ... ae. a 88°6 | 103 75 | 55 1°87 W 
June Z 82°1 | 100 68 60 4°28 W 
| 66 76 6-35 Ww 
August... ae die 77°2 go 66 77 11°74 W 
September... 79°5 | 94 65 78 Ww 
October 77°1 | 99 54 68 o'9I WwW 
November... 73°4 99 49 50 W-NE 
December ... 67°1 | g2 39 N-NE 


During the rainy season the prevailing wind is West. In 
November the North-Easterly Harmattan wind commences and 
blows continuously until April. During this Harmattan period the 
humidity falls to a very low level and the daily variation in tem- 
perature 1s great. 
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III. THE DOMESTIC MOSQUITOS 


Table II summarises the information obtained from identification 
of daily catches of female Anophelines from the European houses. 


‘TABLE II 


Anophelines taken in daily catches from European bungalows: Gadau, 1929-1930 


1929 | 1930 Percentage 
Species | | of all 
June | July | Aug. | Sept.| Oct. | Nov.-Dec. | Jan. | Feb. | Mar. ‘Total| species 
| 
| 
| | | | | 
A. costalis Theo. ...| 2 86 | 567 | 275 | 73 | | 2 | 1,007 47°2 
A. funestus Giles ...| — 9 | 194 | 329 | 387 | 13] ws] t 944 44°2 
A. squamosus Theo.| — | 49) 22 g | | | - 79 
Away | 
A. pharoensis Vheo.} — | —j| 19} 25 1 from | 2 47 a2 
| Station | 
A, mauritianusGrp.| —| —| 10) 15 | — | 36 
A. rufipes Gough ...|. — | 5 | 3 4 — 13 
| | | | | 
A.nili Theo...) — 4 I | 1| —! 8 
| | 


The domestic Culicines recorded consist of the following species : 
Culex nebulosus Theo. ; Taentorhynchus (Mansonoides) untformis 
Theo. ; Lutzia tigripes Grp. ; Culex decens Theo. ; Aedes aegypti 
Linn. ; Stegomyia vittata Big.; Aedes ochraceus Theo. During 
the whole period only 74 Culicines were taken in the houses, as 
against 2,134 Anophelines, a percentage of 3-4. C. nebulosus made 
up nearly half of this total. 

The percentages of domestic Anophelines agree with those obtained 
by W. B. Johnson in Northern Nigeria (1919). A. squamosus, 
A. pharoensis, and A. mauritianus proved rather more numerous 
than in the stations where this author made his collections. It is 
noteworthy that the proportion of A. costalis to A. funestus varied 
through the rains. The former species appeared early in the rains 
and increased in numbers until August, the month of heaviest 
rain; thereafter its numbers diminished steadily. A. funestus 
appeared later and was most numerous in the early dry season before 
the onset of the Harmattan winds. After December mosquitos 
are rare, though a very limited amount of breeding appears to go 
on, as the few specimens obtained at this time had the appearance 
of being recently emerged flies. 
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Lack of time prevented much search being made for the larval 
stages of the domestic mosquitos, and such information as was 
obtained contained no new data as to breeding grounds. Larvae 
of most of the Culicine mosquitos mentioned above and of A. cosétalis 
and A. funestus were taken during the rains on or near the camp 
and in marshes on low-lying ground within a mile of Gadau. Larvae 
of the rarer domestic Anophelines were not seen, though no prolonged 
search was made for them, and it seems probable that much of 
the breeding of some of these species (e.g. A.’ nilt, A. pharoensts, 
A. maunitianus) takes place on the flooded plain and backwaters 
of the Jemaari river. 


IV. MOSQUITO DISSECTION 


Between June, 1929, and March, 1930, a total of 3,563 female 
Anophelines and 117 female Culicines were dissected and examined 
for parasites. All of this material was obtained from dwelling- 
houses, both European and African, in Gadau. 

The technique employed was that described by Stephens (1911) 
for the examination for sporozoites and zygotes of Plasmodium, with 
the addition that the proboscis and the teased-up thoracic muscles 
of each mosquito were also mounted and examined for Filaria 
larvae. 

With regard to the zygotic index, the figures given below are 
obtained from those specimens in which digestion of the blood 
meal had proceeded sufficiently to allow complete examination of the 
mid-gut wall. 

The salivary infections with Plasmodium sporozoites were usually 
heavy, while the zygotic infections varied considerably. In 
Filarial infections the thoracic and cephalic muscle infections were 
usually heavy. The number of mature worms in the proboscis 
varied from one to four. 


V. MOSQUITOS IN RELATION TO MALARIA 


The malarial index amongst the African population in the 
Northern Provinces is interesting in that it shows very considerable 
seasonal variation. H. Morrison (1927) at Kaduna examined large 
numbers of blood films and showed that the monthly malarial 
incidence rises as high as 33 per cent. in July, in the early rains ; 
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there is a fall during the heavy rains in August and September to 
22 per cent., a second high point of 26 per cent. in October, and 
thereafter a rapid fall to under 5 per cent.in January. The infection 
rate remains under 5 per cent. until the break of the rains in April. 
Apart from the obvious relation between malarial incidence and 
Anopheline abundance which accounts for the low malarial incidence 


Chart to show fluctations in the Sporozoite Rates in 4. costalis and .4. funestus at Gadau, June-October, 1929. 


Continuous line —-——— 4. costalis. 
Interrupted line - - - -- - A. funestus. 
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The above percentages are based on average weekly dissections of 113 A. costalis and 77 A. funestus. 


during the dry season, there is also a close coincidence between the 
fluctuations in the sporozoite index of Anophelines during the 
rains (see Chart) and the malarial index during the same period. 
This is evidenced by the high point in the early rains, the fall during 
the heavy rains, the secondary rise in the late rains and the sub- 
sequent fall. 
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Malaria in the Northern Provinces appears to be chiefly of the 
subtertian type. Morrison (op. cit.) found that 93-8 per cent. of 
292 malarial infections in Africans at Kaduna were subtertian, 
5:5 per cent. quartan, and 0-7 per cent. benign tertian. In the 
dissections recorded below no attempt was made to differentiate the 
infections in the mosquito. 

The only two Anophelines in which developmental forms of 
Plasmodium were found were A. costalis and A. funestus. The 
other species of domestic Anophelines and the numbers dissected 
are as follows: A. pharoensis, 205; A. squamosus, 83; A. maun- 
tianus, 40; A. rufipes, 24; A. mil, 9. Neither sporozoites nor 
zygotes were found in any of these species. Table III gives the 
monthly sporozoite and zygote infection rates in A. costalis and 
A. funestus, while the chart shows in graphical form the weekly 
fluctuations in the sporozoite rate in these two species. 


Taste III 


Monthly Malaria Infection Rates in A. costalis and A. funestus at Gadau (in percentages). 


Month | Species | Number Sporozoite Zygote 
June, 1929 is A. costalis... 20 28°6 
June, 1929 ...| 4. fumestus ... 8 | 
July, 1929 A. costalis... 396 12°6 
July, 1929 A. funestus ... 89 | 79 15°3 
August, 1929... A. costalis... 688 | 5°2 12°1 
August, 1929... = ...| 4. funestus ... oh 259 | 3°5 8°83 
September, 1929 A. costalis ... 659 | g°6 
September, 1929 A. funestus ... 421 | 3°8 73 
October, 1929 A. costalis ... 169 | 6°5 
October, 1929 A. funestus ... 457 | 2°6 2°3 
November, 1929 A. costalis... | — 
December, 1929... A. funestus ... — | — 
January, 1930... A. costalis... 4 ° 
March, 1930... A. funestus ... 26 | ° 
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Mosquitos in appreciable numbers first appeared in dwelling- 
houses during the second week in June, three weeks after the first 
heavy rain of the year. The malarial infection rate (both sporozoite 
and zygote), in these first mosquitos was high and the sporozoite 
infection rate reached a maximum of 18 per cent. for A. costalis 
and 12-5 per cent. for A. funestus in the second half of July. During 
the heavy rains of August the infection rate in both species fell 
sharply and reached a minimum of 2-4 per cent. for A. costalis and 
nil for A. funestus at the end of this month. With the slackening 
off of the rains in September the infection again mounted to 9-2 per 
cent. in A. costalis and 5-4 per cent. in A. funestus. Following late 
rain in the first week of October there was another fall followed by 
a small rise. From January to March, 1930, no infections either of 
sporozoites or zygotes were found in the specimens examined. 
The fluctuations in the infection rate during the rains are similar 
in both species and evidently are caused by the proportion in the 
catches of newly-emerged flies which have not had time to acquire 
infections. This proportion depends directly on the rate of breeding 
which itself depends on the rainfall, and reference to the chart (p. 429) 
shows this relation between rainfall and infection rate very clearly. 

It was one of the objects of this work to contrast the malarial 
infection rate in Anophelines from the European and African 
quarters. In Gadau the African camp is situated at a distance 
of 500 yards from the European station. Daily catches of 
Anophelines were made from houses in both African and European 
quarters, and the results of their dissection and examination are 
summarised in Table IV 


Taste 1V 


Summary of Sporozoite Infection Rates in A. costalis and A. funestus : Gadau, June 1929-March, 1930 
(in percentages). 


Total 
Origin Species number Sporozoite 

examined Rate 

African Compound ...| 4. costalis ... 1,174 749 
European Station A. costalts... 762 7°22 

All sources A. costalis ... 1,936 7°39 
A. funestus ... 1,260 3°49 
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The sporozoite infection rates in A. costalis from the two sources 
are nearly equal, while in A. funestus the specimens from the African 
camp proved to be I per cent. more heavily infected than those from 
the European quarters. The difference in infection is smaller than 
might have been anticipated, as quinine prophylaxis is regularly 
employed by the European staff. Furthermore, the servants’ 
quarters are 100 yards from each bungalow and native children are 
absent, whereas in the African camp they are very numerous. 

A comparison of the sporozoite infection rates in A. costalis and 
A. funestus over the whole period of the dissections shows that the 
former species is just over twice as heavily infected as the latter. 
The two species together must account for practically all malaria 
transmission in the Northern Provinces. The small extent to 
which other Anopheline species come into contact with man prevents 
their becoming of importance as malarial vectors. Apart from 
A. pharoensis, only very small numbers of the rarer Anophelines 
were dissected, and no opinion can be ventured on as to their 
potentialities as carriers of malaria in Northern Nigeria, no trans- 
mission experiments having been carried out. 


VI. MOSQUITOS IN RELATION TO FILARIASIS 


Filariasis is extremely common amongst the natives of Northern 
Nigeria. F. bancrofti and A. perstans are the species found most 
frequently, the former being most commonly seen in blood films. 
Dyce-Sharp (1928) has shown in the Cameroons that complete 
development of A. pferstans takes place in Culicoides austent and 
attempts by several workers to infect various species of mosquitos 
with this nematode have all failed. In the absence of evidence that 
other species of Filaria occur here, and failing any reliable and 
rapid method of identification of larva] forms of Filaria in the 
mosquito, it is assumed that all filarial infections encountered in 
dissections of domestic mosquitos at Gadau are due to Filania 
bancroftt. 

Species of Culicidae in which mature infections with Fulana 
bancrofti have been found are A. costalis, A. funestus, and Aedes 
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ochraceus. Immature infections, in which only thoracic muscles 
are involved, were also seen in A. pharoensis (5 per cent.), and 
A. squamosus (1-2 per cent.). Table V summarises the infection 
rate for the whole period of dissections in A. costalis and A. funestus. 


TasLe V 


Summary of Filarial Infection Rates in A. costalis and A. funestus : Gadau, June, 1929-March, 1930 
(in percentages). 


Mature Immature Total 

Origin Species Number Filaria Filaria Infection 
examined | Rate Rate Rate 
African compound ...| 4. costalis a 1,174 | 1°53 7°41 8°94 
...| 4. fumestus —... 554 | 0°54 3°43 3°97 
European station ....|_4. costalis 762 | 1°84 6°30 8°14 
.| A. funestus—... 706 | 1°13 2°97 4°11 
All sources... ...| 4. costalis ei 1,936 | 1°65 6°97 | 8°62 


It is found that A. costalts is a little more than twice as heavily 
infected as A. funestus. The total infection rate in A. costalis 
proved to be 8-6 per cent., with a proboscis (mature) infection rate 
of 1-65 per cent. In A. funestus the total infection rate was 4 per 
cent. with a proboscis infection rate of 0-g per cent. Mosquitos 
taken in European and African quarters were infected to approxi- 
mately the same extent. | 

A single specimen of Aedes ochraceus out of a total of 15 dissected 
was found to contain a mature infection. As this Culicine only 
forms 0-4 per cent. of the total number of domestic mosquitos 
examined it cannot be considered an important vector of Filaria 
in this district. 

A. costalis and A. funestus in this part of West Africa are evidently 
efficient carriers of F. bancrofti, and in view of their overwhelming 
preponderance, both over other Anophelines, and over any domestic 
Culicine, they may be regarded as the principal vectors of this 
species of filaria in the Northern Provinces of Nigeria. 
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VII. OTHER PARASITES OCCURRING IN DOMESTIC 
MOSQUITOS 


In the course of these dissections several species of parasites 
were encountered and they are considered separately below. No 
identifications have yet been made, and only a very general descrip- 
tion is given in each case. 

(a2) Nematodes in body cavity and gut. 

These were seen six times in the body cavity of A. costalis and 
once in the gut; once in the body cavity of A. funestus, and twice 
each in A. mauritianus and A. squamosus. The number of nema- 
todes in each case varied from one to three. 

(6) Nematode ova (?) in ovaries. 

These bodies are evidently identical with those described by 
Schwetz (1929) in A. costalis at Stanleyville, Belgian Congo. The 
infections were always massive and were confined to the ovaries, 
to which they gave a yellowish appearance. The individual eggs 
are ovoid with thick sculptured walls, and agree with the description 
given by Schwetz (op. czt.). 

They were seen six times in A. coséalis and twice in A. funestus. 
(c) Spore-containing cysts on mid-gut wall. 

These structures, possibly identical with those described ve 
Schwetz (op. cit.), were frequently seen in A. costalis and A. funestus. 
Usually the cysts had been accidentally ruptured and the spores 
were scattered, but in a few cases the intact cysts were seen. 

(d) Spirochaete infection of mid-gut. 

One heavy infection was seen in a specimen of C. nebulosus. 
(e) Herpetomonas infection of mid-gut. 

One heavy infection was seen in a specimen of L. tigrtpes. 
(f) Plasmodium praecox (?) zygotes on mid-gut wall. 

One very heavy infection with small odcysts was seen in an 
L. tigripes specimen taken in a European bungalow. The salivary 
glands were not infected. 


VIII. SUMMARY 


1. A short account of the situation and climate of Gadau is 
given. The climate is dry with a small rainfall which is distributed 
over about five months of the year. 
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2. An analysis of the species of domestic mosquitos shows that 
A. costalis and A. funestus preponderate over all other species and 
together form 91-4 per cent. of the domestic Anophelines. Culicines 
are very scanty and only form 3-4 per cent. of all domestic mosquitos. 

3. Mosquitos generally are only numerous from July to 
November. 

4. Dissections of 3,563 Anophelines and 117 Culicines taken in 
European and African dwelling-houses have been carried out, 
and analyses of the malarial and filarial infection rates are given. 

5. The infection rates with both Plasmodium and Filaria are 
approximately equal in the collections from the European and the 
African sections of the station. 

6. A. costalis and A. funestus are the only species of Anophelines 
proved to be concerned in the transmission of malaria. 

7. Considerable fluctuations in the sporozoite rate in A. costalis 
and A. funestus during the rains are shown to occur. These are 
found to coincide with, and doubtless account for, similar fluctuations 
in the malarial incidence in the African population. 

8. Fuilaria bancroftt is shown to be transmitted primarily by 
A. costalis and A. funestus, both of which species are shown to be 
heavily infected, in both the European and the African sections of 
the station. 

g. A mature filarial infection was seen in Aedes ochraceus, and 
immature infections in Anopheles pharoensts and A. squamosus. 
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THE INFLUENCE OF PASSAGE 

THROUGH THE INVERTEBRATE HOST 

ON THE BIOLOGICAL CHARACTERS 
OF PARASITIC PROTOZOA 


BY 


CLAUS SCHILLING 
(Institut fiir Infektionskrankheiten ‘ Robert Koch’, Berlin) 


AND 


The late Dr. HANS SCHRECK 
(Received for publication 25 July, 1930) 


In the course of chronic infections caused by protozoa and 
spirochaetes, these parasites show changes in their biological qualities, 
e.g. they lose their reactivity to serum antibodies and develop 
into so-called serum-fast or relapse-strains ; or, under the influence 
of chemical agents, into ‘ drug-fast’ strains. An animal that has 
passed the acute phase of the infection can be superinfected by 
a relapse strain, but no longer by the original strain. 

What happens if a relapse strain or a drug-fast strain passes 
through the insect which as a rule transmits the disease in nature ? 
Does it keep the acquired quality or does it lose it, regaining the 
qualities of the primary strain? The question is of considerable 
practical importance; if the relapse strain passes through the 
insect unchanged, we must expect in nature an innumerable variety 
of strains of a parasitic species, differing from each other serologically 
and immunologically. 

GONDER, REICHENOW and DUKE have tried to solve the question 
by using arsenic-fast strains, but their results are not in agreement. 
During an expedition to German East Africa, 1912-14, I and my late 
friend and collaborator HANS SCHRECK had the opportunity of 
experimenting on tsetse-flies (Glossina morsitans) and different 
strains of Tvypanosoma brucei. The flies we caught on the mainland 
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and brought over to Makatumbe, a small coral-island near the 
mouth of the bay of Dar-es-Salaam, where neither tsetse-flies nor 
indigenous vertebrates existed. There they deposited their pupae, 
and the flies hatched from them were used for the experiments, 
being certainly free from infection. Most of the experiments were 
carried out by SCHRECK. The trypanosomes we used were of 
different origins : one was an old laboratory strain from the Hamburg 
Institute of Tropical Diseases—strain ‘ Hamburg alt’ ; the second 
was a strain which I had secured from a Gnu killed in the bush and 
transmitted to guinea-pigs and white rats by Glossina morsitans in 
series: fly-animal-fly ; strain ‘ Gnu.’ 

(1) Strain ‘Hamburg alt’ killed a white rat in about four to 
five days ; the trypanosomes increased in number continually from 
the first day after inoculation. When we sterilised mice infected 
with this strain by an arsenic compound, e.g., arsenophenylglycin, 
the mice showed an immunity against reinfection, lasting weeks or 
months. The strain thus showed antigenic properties. 

Animals (goats, horses, or cows) infected chronically with 
Hamburg alt showed specific antibodies in their sera: if a mixture 
of serum and trypanosomes (Hamburg alt) in proper proportion 
was injected into mice, the infection did not take; with other 
laboratory strains of Tryp. brucei the effect of the serum was zero. 

(2) Strain Gnu was much less virulent than strain Hamburg alt. 
A white rat, infected with blood from fly-dog-rat, lived 44 days, the 
next passage—rats 30 and 35 days. In vitro the serum immobilised 
the homologous trypanosomes within ten minutes to four hours and 
dissolved them. The antigenic properties of the strain, shown by 
the immunising effect after sterilising treatment( see above), was zero 
or nearly so ; an animal infected with the twelfth passage fly-rat-fly, 
with a feeble blood infection (++) cured by arsenophenylglycin and 
5 days later reinfected, showed trypanosomes 6 days later and 
died 33 days later. 

The antigenic property of the strain came out more clearly when 
the trypanocidal property of the serum of an infected animal was 
tested ; the serum of a bull infected by flies killed 7” vitro the 
homologous trypanosomes of strain Gnu within ten minutes, whereas 
an old laboratory strain (‘ Mesnil’ from the Pasteur Institute in 
Paris) was still alive after one hour; and when the mixture of 
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serum and homologous trypanosomes was injected into mice, infection 
failed. 

(3) We let the strain ‘ Hamburg alt ’ pass through our laboratory- 
bred Glossina morsitans. The flies fed on a goat infected with 
Hamburg alt; after more than three weeks they transmitted the 
trypanosomes to a dog. We called the new strain‘ Hamburg recens.’ 

When this fresh strain was inoculated into white rats, the first 
trypanosomes appeared on the fifth day, increased slowly, reached 
their maximum about four days before death, and killed rats 
within 16 to 42 days. The virulence had therefore diminished 
considerably and was about equal to the virulence of the ‘ wild’ or 
‘bush’ strain Gnu. 

Experiments showing the antigenic effect of killed trypanosomes 
(see above) were not made with the Hamburg recens strain ; but the 
serum experiments were conclusive. 


Trypanosomes in the blood on 
No. Inoculated with 7 
Ist | 2nd 3rd 4th sth | 6th 7th 
day | day | day day day | day day 
I Serum of goat 5042 | | 
(inoculated with ‘ Ham- 
burg alt’) mixed with | 
Hamburg alt-Try pano- 
3 Hamburg alt-Tryp. only.... + | ++ |++++|_ Died 
4 The same serum, mixed 
with Hamburg recens 
5 ” ° + ++ ++ +++* 
6 Hamburg recens Tryp. 


* No further notes reached Berlin after 1 June, 1914. 


Every serum was heated to 45° Cels. for half-an-hour to kill the 
trypanosomes accidentally contained in it. 
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A young calf was infected by the bites of Glossina morsitans 
infected with Hamburg recens. 


Trypanosomes in the blood on 


Mouse 
No. Inoculated with 
Ist | 2nd 3rd 4th 5th 6th 7th 
day | day day | day day day day 
I Serum of calf (5556) mixed with | 
Trypanosomes Hamburg alt + }4+4+;) ++ 4++++! Died 
| re 
2 ” ” + | ++ oe | Died 
3 Hamburg alt only ... + | + —— es Died 
| | 
4 Serum of the same calf, mixed | | 
with Tryp. Hamburg recens — | 0 ° 
6 Hamburg recens only o | + + ++ |44+44+/4+4+44/4+4+4-4+ 


over to Berlin. 


The strain Hamburg recens was inoculated into rats and brought 


There other experiments were carried out. 


Trypanosomes in the blood on 
Mouse 
No. Inoculated with 
and | 3rd | 6th | 8th | 17th | 20th 
day | day | day day | day day 
I Serum of goat 6001 (infected with | | 
Hamburg alt) mixed with Hamburg 
| remains 
| free 
2 | Hamburg alt only +- ++ | Died 
3 The same serum, mixed with Hamburg | 
recens + | | +4 | Died 
4 | Hamburg recens only + ++ Died 
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Calf 6036 was inoculated in Berlin with strain Hamburg recens. 


Trypanosomes in blood after 
Mouse 
No. Inoculated with 
2 3 5 10 23 30 

days | days | days | days | days | days 
I Serum of calf 6036 mixed with Hamburg alt | ++ | Died 
2 Hamburg alt only... Died 
3 Same serum mixed with Hamburg recens ...| 0 o | o ° ° fo) 
4 un ° ° ° ° 
5 Hamburg recens only ... + Died 


In vitro the serum killed the homologous trypanosomes within 
half-an-hour to four hours, whilst the heterologous trypanosomes 
were not more influenced than the controls. 

The trypanosomes of strain Gnu behaved in different serum- 
experiments 7 vitvo and in vivo exactly like the Hamburg-recens- 
Trypanosomes. This strain has recovered all qualities of a ‘ genuine ’ 
or ‘ wild’ strain. 

We have, therefore, given experimental proofs that 

(1) The passage through the natural transmitting agent of 
Trypanosoma brucei, Glossina morsitans, has a decisive influence 
on the biological qualities of an old laboratory strain (virulence, 
reactivity to specific antibodies of serum). As this reactivity to 
antibodies is a characteristic of relapse strains, we may conclude, 
that the passage through the tsetse-fly has changed a relapse strain into 
an original strain. 

(2) That this changed strain 1s identical with a ‘ genuine’ 
strain recovered from a wild antelope in the bush, and kept in passages : 
fly-animal-fly. 

It seems possible that in this process of restoration the sexual 
phase through which the parasite passes in the fly may play an 
important part. 

Our experiments are decisive on the question of immunisation 
against protozoan and spirochaetal diseases: if the insect host 
were to transmit any relapse strain unchanged, it would be necessary 
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to immunise against every possible relapse strain, which is practically 
impossible. But if the Brucei-strain of a certain district is a unit, 
we may hope—and our experiments in Makatumbe, I914, gave us 
strong support—to immunise against this uniform strain. 

The fastness of a relapse strain against the serum-antibodies is an 
acquired quality. It is lost by the passage of the parasite through 
the insect. So we have an example of mutative loss of an acquired 
quality : an interesting fact in heredity 
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‘FOUADIN’ AND ‘AUREMETINE’ IN THE 
TREATMENT OF 8S. HAEMATOBIUM 
INFECTIONS AMONGST WEST AFRICAN 
CHILDREN; TOGETHER WITH OBSER- 
VATIONS ON THE AFTER-RESULTS OF 
TREATMENT WITH EMETINE PERIODIDE 
AND EMETINE HYDROCHLORIDE 


BY 


R. M. GORDON 


AND 


E. P. HICKS 


(rrom the Sir Alfred Lewis Jones Research Laboratory, Freetown, 
Sterra Leone) 


(Received for publication 18 July, 1930) 


I. TREATMENT WITH ‘FOUADIN’ AND ‘AUREMETINE’ 


Our first experiments were carried out with ‘ Fouadin,’ a pre- 
paration of Trivalent Antimony introduced by Messrs. Bayer & Co. 
They recommend that the drug should be given intramuscularly 
and that for a full course of treatment the dose in cubic centimetres 
should be about equal to the weight of the child in kilogrammes. 
This amount is to be given in ten doses, of which the third to the 
tenth are equal in amount and given on alternate days. The first 
three injections can be given on consecutive days and should be 
about thirty per cent. and seventy per cent., respectively, of the 
succeeding full doses. 

Six West African children, aged seven to fifteen, were selected for 
treatment with ‘Fouadin’. These children were attending a 
missionary school situated in Konno, Sierra Leone, a district heavily 
infected with S. haematobium. All six cases represented a severe 


type of the disease. 
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Below, in Table I, we summarise the results obtained with the 


prescribed course of ‘ Fouadin’ treatment. 


In this, and all sub- 


sequent Tables, each finding represents the result of the examination 
of three cover-slip preparations made from the centrifuged deposit 
of ten cubic centimetres of urine. 


Tasie I 


Showing the results of ‘ Fouadin’ treatment on six West African children severely infected with S. haematobium, 


_ WEIGHT Before | Days aFTER First Day or TREATMENT 
No. ea | sais — | Last day of treatment shown by double line. 
Sex | com- | 
| Before After | menced| 1 | 3 | 4 | 5 | 6 1o | 11 | 13] 14] 16] 18 
Treatment | 
Live 
I 72 | 68°5 | 
Male | Dead 
| ova re) fe) fe) fe) fe) fo) Oo} 
Live 
2 61 60°5 | 
Male Dead 
ova fe) fe) fe) fe) fe) re) +} +) + fe) 
"Live | 
3 106 | | 
Female | Dead 
| ova fe) | fe) re) re) ro) fe) 2 
| Live | 
4 53 | | 
Female | Dead 
| ova o 
Live | 
5 73 73°5 | 
Male Dead | 
ova fe) fe) re) +) + I fe) fe) fe) 
Live 
II ova; + titi ti t+ Pik iki +4 
6 71 69 
Male Dead 


22/24 26 CC 
| | 


Showir 


16 
III 


Female 


| | ~ 
| 0 | 
— | I | 
| 
- — 7 
| | 
o| | Age 
| 
fe) | fe) 
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| 
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Table I shows that all six cases had ceased to pass live ova by the 
twenty-fourth day after the beginning of treatment. As regards 
general reaction it will be noted that five of the six cases lost from 
one to three pounds in weight. In one instance (Case No. I) per- 
sistent vomiting, lasting four days, occurred, and it was not considered 
advisable to continue the course. The repeated intramuscular 
injection of four to five cubic centimetres of fluid was associated 
with a considerable degree of local pain, which appeared to be due 
more to the actual bulk of the fluid injected than to any local reaction 
caused by the drug. 

In addition to these ‘ Fouadin’ cases, one child, aged sixteen, 
with a severe S. haematobium infection was treated with a course of 
‘Auremetine’ by the mouth. The dosage and length of treatment 
were in accordance with the recommendations of the proprietors, 
Messrs. Martindale & Co., for the treatment of amoebic dysentery. 
The results obtained are shown below in Table II. 


Tasie II 


Showing the results of ‘ Auremetine’ treatment on one West African child severely infected with S. haematobium 


WEIGHT Before | Days AFTER THE First Day or ‘TREATMENT 
Total 
pris Last day of treatment shown by double line. 
com- | | | 
Before After menced 3] 4] 5 | 6/7 | 8] 10) 11 | 12 | 14, 16] 18 | 20} 22 | 24 26 | grains 
Treatment | | 
Live | | | 
16 oa} + +] +] 4+] 4+] 4+] 1] 4+] 
11t | 114 | | 47 
Female Dead | | 
| 


The results of treatment, in this single case, were similar to those 
previously recorded with Emetine Periodide (Gordon, 1926), that 
is to say, live ova disappeared from the urine by the end of the 
course. Vomiting did not occur at any time and no ill-effects were 
noted. 
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II. AFTER-RESULTS OF TREATMENT WITH EMETINE 
PERIODIDE AND EMETINE HYDROCHLORIDE 


One of us (Gordon, 1926) has recorded the results of treating 
twenty-eight cases of S. haematobium infection in native children 
with Emetine Periodide and with Emetine Hydrochloride, and has 
shown that both these drugs cause disappearance of live ova from 
the urine. Our visit to the same district, four years later, has 
enabled us to re-examine some of these cases. Of the twenty-eight 
cases originally treated, fourteen were still living in the district ; 
the results of re-examining their urines are shown in Table III. 

It will be seen from the Table (p. 447) that the majority of the 
children treated with Emetine Hydrochloride or with Emetine 
Periodide have either relapsed or become re-infected. An examina- 
tion of the remaining seventy untreated children, living in 
the school, showed that thirty-two (46 per cent.) were passing 
S. haematobium ova in their urine. This observation bears out our 
previous statement as to the high degree of infection in the district, 
and renders it impossible to state whether the fourteen children, 
apparently successfully treated in 1926, but found to be passing 
live ova in 1930, were cases of relapse or re-infection. 

We are much indebted to Miss E. High, Sister-in-charge of the 
United Brethren in Christ Missionary Hospital at Jiama, for her 
assistance in carrying out the course of treatment. 
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Tasre III 


Showing the after-results of treatment with Emetine Hydrochloride and with Emetine Periodide 
on fourteen West African children severely infected with S. haematobium. 


In this Table each child is given the same number as in the Report published in 1926. 
The degree of infection is indicated by the number of + signs. 


TREATED WITH EMETINE HyDROCHLORIDE IN 1926 TREATED WITH EMETINE PERIODIDE IN 1926 
| 
1926 1930 1926 | 1930 
Case Examination Examinations Case Examination, Examinations 
No. at end of No. at end of | | 
treatment | First |Second} Third treatment First Second] Third 
Live | Live | 
ova ° ° | ova ° + | - 
I I 
Dead Dead | 
Live | Live | 
5 
Dead Dead 
Live Live | 
3 7 
Dead Dead | 
ova 4 ° ova 1 = 
Live Live | | 
| 
4 II 
Dead Dead | 
Live Live | | 
ova fe) +++] ova fe) ~ 
8 12 
Dead Dead | | 
ova ova 10 | 0 | 
Live Live | 
ova fe) ° + ova + 
II 13 
Dead Dead | 
ova fe) +++) ++ ova ++ | 
| 
Live | | | 
ova ° rrr = ~ | | | 
12 
Dead | 
ova 2 ° = ~ | | 
Live | | 
13 | | | 
Dead 
ova I ° ° | 
| | 
REFERENCE 


Gorpon, R. M. (1926). Emetine Periodide in the treatment of S. haematobium infections amongst 
West African children. Ann. Trop. Med. & Parasitol., 20, 229-237. 
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STUDIES IN CHEMOTHERAPY* 


III. THE ACTION IN VITRO OF CERTAIN 

ARSENICAL AND ANTIMONIAL COMPOUNDS 

ON T. RHODESIENSE AND ON ATOXYL- 

AND ACRIFLAVINE-RESISTANT STRAINS OF 
THIS PARASITE 


BY 


WARRINGTON YORKE 
AND 


F. MURGATROYD 


(Received for publication 27 September, 1930) 


The method of testing the therapeutic action of drugs by injecting 
them into infected laboratory animals, although an indispensable 
procedure for obtaining the vital information whether or not a drug 
is of any practical value for the treatment of the infection, is not 
entirely adequate if the object of the enquiry be to obtain informa- 
tion regarding the mechanism of the action of the drugs in question. 
It fails to afford an unequivocal answer to such questions as the 
following. Does the drug as such act directly on the parasites, or 
does it become parasiticidal only after it has undergone some change 
in the body of the host ; or again does the drug act by stimulating 
the body of the host to produce a parasiticidal substance ? Each of 
these alternatives has had its advocates, but the facts upon which 
a final decision could be reached are not yet forthcoming. It was 
considerations of this nature which led us to the belief that possibly 
information of value might be obtained from an examination of the 
trypanocidal power of various drugs im vitro, thereby eliminating, 
in the first instance, all the unknown factors, of uncertain, and 
possibly inconstant, value, dependent on the vertebrate host. Much 
work has already been done on this subject, but, as will be seen 
from the summary which follows, it has for one reason or another 
little real value. 


“This work was supported by a grant from the Chemotherapy Committee of the Medical 
Research Council. 
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Ehrlich (1908) observed that whereas a number of trypanocides, 
e.g., fuchsin, the triphenylmethane dyes, salts of arsenious acid, and 
tartar-emetic killed the trypanosomes in the test tube, this was not 
the case with arsanilate and arsacetin. He found, moreover, that 
although arsanilate and arsacetin, even in I to 5 per cent. solutions, 
had practically no action, a solution of the reduction products, viz. : 
p-aminophenylarsenoxide and #-diaminoarsenobenzol in dilution 
of 1: 100,000 killed the parasites at once, and in a dilution 
of 1: 1,000,000 killed them within thirty minutes. 

Jacoby and Schiitze (1908) stated that although atoxyl in 
one per cent. solution had only a feeble trypanocidal action, inorganic 
arsenicals were active even in extreme dilutions, a concentration 
of only I : 200,000 of arsenious acid sufficing rapidly to immobilize 
the parasites. These conclusions received support from the work 
of Friedberger (1908), Uhlenhuth (1908), Breinl and Nierenstein 
(1909), and Neven (1909). 

Plimmer and Fry (1909) found that, contrary to the statements 
of other workers, a solution of I : 500 atoxyl immobilized trypano- 
somes in two hours, and that a solution of 1: 100 arsenophenyl- 
glycine immobilized them within an hour. The drugs were dissolved 
in physiological saline and mixed with an equal volume of blood 
containing 7. evansi ; these were watched under sealed cover-slip 
preparations kept at room temperature 

Schilling (1909) found that arsenophenylglycine, notwithstanding 
its powerful therapeutic effect, had a feeble action 7” vitro, a 10 per 
cent. solution destroying the parasites only after 50 minutes, whilst 
a 2 per cent. solution had no effect in this period, at room temperature. 
Similar observations are recorded by Fusco (1910) and by Zwick and 
Fischer (1910) 

Halberstaedter (1912) examined the trypanocidal action of 
salvarsan and found that a strain of T. equinum, resistant to 
arsenicals in vivo, withstood 7” vitro a concentration of I : 2,000, 
whilst a normal strain of T. brucei was killed within twenty minutes 
by a I: 100,000 solution of the drug. 

Gonder (1912) advanced the hypothesis that arsenophenylglycine 
and salvarsan, although failing to immobilize the trypanosomes 
in vitro, nevertheless became fixed to them, as parasites which had 
been in contact with the drugs at room temperature for five minutes 
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failed to infect mice even though they were actively motile at the 
time of injection. Very similar observations were made by Castelli 
(1913) who showed that contact of trypanosomes with solutions of 
I: 2000 to 1: 8000 of salvarsan for fifteen minutes at 37° C. failed 
to immobilize the trypanosomes, but that infection did not result 
when the parasites were subsequently washed and injected into mice. 
Moldovan (1914) and Kolmer, Schamberg and Raiziss (1917) on the 
contrary state that salvarsan has a definite trypanocidal action 
in vitro, Adler (1921) recorded that sodium phenylglycineamide 
arsenate had no appreciable trypanocidal action im vitro; and 
Dubois (1926) wrote that just as atoxyl is inactive im vittro, so 
sodium #-glycineamidephenylarsenate in one per cent. solution 
did not destroy the motility of trypanosomes even after many 
hours contact im vitro, and that the parasites after washing were 
still infective for mice. 

From this brief summary of some of the principal papers the 
issue appears somewhat confused. There, however, seems to be a 
consensus of opinion that the pentavalent arsenicals are inactive 
in vitro, but that their reduced trivalent compounds are exceedingly 
active. There is, apparently a marked difference of opinion 
regarding the question whether the arsenobenzols, e.g., arsenopheny]l- 
glycine and salvarsan are active or not. 

Practically all this work, however, has for one or more reasons 
little real value. None of the investigators had succeeded in devising 
conditions of experiment whereby the enquiry could be satisfactorily 
conducted. The experiments were almost invariably made at room 
temperature, and the period of observation limited to an hour or two. 
These obviously unsatisfactory limitations were undoubtedly imposed 
by the fact that the conditions of experiment did not suffice to 
maintain the parasites in the control observations, where no drug was 
involved, for more than a very short period. The medium in which 
the drugs were diluted, and the trypanosomes suspended, was usually 
physiological saline or some modification thereof. As we have shown 
in a previous paper (1929) trypanosomes will not survive when 
suspended in such media for more than an hour or so at 37°C. 

These facts seem to have been grasped so long ago as I9g1I2 
by Rothermundt and Dale, who attributed the failure of previous 
workers, to demonstrate the trypanocidal action of atoxyl in vittro, 
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to the fact that they had used unsuitable media. Rothermundt and 
Dale stated that in saline at 37°C. the trypanosomes lost their 
motility within two hours—a period which they consider to be too 
short for the action of atoxyl to be manifest—whereas survival of the 
parasites was prolonged to a period varying from two to four hours at 
37°C., and from 8 to 24 hours at 22°C., when they were suspended 
in defibrinated guinea-pig blood: they subsequently discovered 
that guinea-pig serum was distinctly superior to defibrinated blood, 
and that in this medium the parasites remained alive at 37°C. for at 
‘east five hours. Rothermundt and Dale found that in such a 
medium a 1.5 per cent. solution of atoxyl rendered trypanosomes 
immobile within 24 hours. Terry (1912 and 1915) likewise emphasizes 
the advantages of serum as a medium for experiments 7” vitro on the 
trypanocidal action of drugs ; he shows that a one per cent. solution 
of atoxyl had no effect on trypanosomes, whereas a I : 1,000,000 
solution of p-aminophenylarsenoxide killed them in thirty minutes. 

Papamarku (1927) appears to have been the first to have applied 
these principles in a systematic attempt to investigate the action of 
drugs im vitro. He employed deactivated rabbit serum as a medium 
for suspending the trypanosomes and spirochaetes. The blood of 
heavily infected mice was so diluted with the deactivated rabbit 
serum that a suspension was obtained showing three to eight parasites 
to a microscope field. This suspension was then divided equally 
amongst a number of small tubes and half volumes of various 
dilutions of different drugs added; the fluid was then covered 
with a layer of liquid paraffin. The tubes were stored at laboratory 
temperature and the contents sampled from time to time by means 
of a fine capillary tube passed through the layer of liquid paraffin. 
With this technique Papamarku found that the activity of the 
parasites in the control tubes was preserved for at least 48 hours. 
He records that a solution of neosalvarsan in concentration of I in 
10,000,000 destroyed the trypanosomes within two hours, and I in 
20,000,000 within 24 hours ; a solution of I in 900,000 trypaflavine 
destroyed the parasites within 24 hours ; a solution of I in go00,000 
diaminoacridine nitrate killed them within 30 minutes, and I in 
3,000,000 within 48 hours : a solution of antimony trioxide I : 300,000 
killed them within 24 hours ; a solution of tartar-emetic 1 : 300,000 
killed them within 24 hours, and 1: 9,000,000 within 48 hours. 
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This work of Papamarku undoubtedly represents a distinct advance 
on any previous attempt to examine the trypanocidal action of 
drugs 7 vitro. It is, however, unfortunate that his observations 
were conducted at laboratory temperature instead of at 37°C. 

In our view the satisfactory determination of the trypanocidal 
action of drugs 7m vitro necessitated the elaboration of a technique 
whereby the pathogenic trypanosomes could be maintained alive in 
undiminished numbers, and, so far as one could ascertain, in a 
condition of unlowered vitality, for a reasonable period, which we 
arbitrarily decided to be 24 hours, at 37°C. The technique, which 
we found to satisfy these conditions, is fully described in a previous 
paper (1929). In this paper it was shown that, provided the 
concentration of trypanosomes did not greatly exceed about 1,000 
per c.mm., the parasites would remain alive in undiminished numbers, 
and in a state of unlowered vitality, for at least 24 hours at 37°C. 
in a medium consisting of equal parts of sheep, or rabbit, serum and 
Ringer solution containing 0.2 per cent. glucose. 

In all the observations recorded in the present paper this medium 
was used, the rabbit, or sheep, serum being heated to 62°-63°C. for 
half an hour before the addition of the Ringer-glucose solution. 
Care was taken so far as possible to avoid bacterial contamination, 
and the blood of the infected mouse from which the trypanosomes 
were obtained was so diluted that the concentration of parasites 
in the nutrient medium was between 1,000 and 1,500 per c.mm. 
Preliminary experiments immediately showed the importance 
of temperature in the reaction—all drugs exerting a much more 
pronounced action at 37°C. than at laboratory temperature— 
and we consequently decided to limit ourselves to experiments 
conducted at 37°C. as the data collected under these conditions 
could much more reasonably be compared with that obtained from 
animal experiments. 

The adoption of this technique appeared to us to have a number 
of definite advantages. In the first place it enabJed the observations 
to be carried out at body temperature, and for a length of time which 
is considerably greater than the period required by the drugs 
employed to sterilize the peripheral blood of infected mice. In the 
second place the medium is relatively simple and approximates fairly 
closely to that in which the drugs find themselves when injected 
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into the living animal It is, of course, possible that the action 
of certain drugs may to some extent be dependent on the nature of 
the medium in which they are dissolved, and indeed there are in the 
literature certain statements which suggest that this is the case. 
Schilling and Goretti (1914) assert that tartar-emetic has 7m vitro 
no action on T. brucei when it is dissolved in citrate bouillon, but that 
it is powertully active when dissolved in horse serum—I : 9,000 
killing the parasites in 45 minutes; they add, however, that with 
salvarsan, atoxyl and trypanred the effect was the same whether the 
medium was citrate bouillon or horse serum. On the other hand 
Reiner and Leonard (1930) write that ‘if an emulsion of 
trypanosomes was brought in contact with neoarsphenamine dissolved 
in a dilution of I: 5,000, or with sodium atoxylate, and allowed 
to stand for 20 minutes, then centrifuged and washed, the 
trypanosomes remained almost as_ virulent as the controls. Time 
of action and dilution of the chemotherapeutic agent were chosen 
far below the limits which produced a damaging effect as shown 
by the change in motility.” With regard to neoarsphenamine they 
add that ‘ the active compound is probably a loose combination of 
serum protein (globulin) and neoarsphenamine, for it is also formed 
in vitro by mixing neoarsphenamine with serum or plasma. Atoxyl 
and tryparsamide are, however, as little active with serum as either 
substance in broth.’ There is thus so far as salvarsan and 
neosalvarsan are concerned, a possible discrepancy between Schilling, 
and Reiner and Leonard, the former saying that salvarsan is equally 
trypanocidal 7m vitro whether diluted with serum or broth, and 
the latter that neosalvarsan is active in serum but inactive in broth. 
Probably an unsatisfactory technique, and the difficulty of keeping 
trypanosomes alive in broth at 37°C. for any length of time account 
for these apparent differences. We have, however, not concerned 
ourselves with matters of this nature. If it be true that certain 
drugs behave differently according to whether they are dissolved 
in serum or in other fluids, it merely emphasizes the importance of 
employing serum as the basis for the medium in any work which has 
as its main object the comparison of the action of drugs 7m vitro and 
in 

In our first experiments the drugs used were the pentavalent 
arsenical compounds, atoxyl and tryparsamide, and the trivalent 
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compounds, p-aminophenylarsenoxide (reduced atoxyl), and halarsol. 
Later a number of other organic preparations of arsenic* and of 
antimony were used as well as sodium arsenite, tartar emetic, acri- 
flavine, phenol and aniline. For convenience of reference the 
structural formula of each of the compounds used is given(p. 468). The 
trypanosome strains employed were T. rhodesienset and atoxyl- 
and acriflavine- resistant varieties of this strain, prepared by treating 
infected mice with subcurative doses of atoxyl and acriflavine 
respectively, and gradually increasing the doses as relapses occurred 
in the same animals and in animals of later passage: by this means 
strains were produced which were completely resistant to the 
maximum tolerated dose of the drug employed. 


Experiment. A rabbit was bled from the heart and the blood allowed to clot 
for two hours at 37°C.; the serum was then removed from the clot, and after 
centrifuging at high speed to remove all cellular material and débris, was heated 
at 62°-63°C. for 30 minutes. ‘To each of Tubes 1, 10, 17, 25, 33, 39, 45, 52, 60, 66, 
72 and 79 was added o°§ c.c. of the serum. ‘The rest of the serum was then diluted 
with an equal volume of Ringer-glucose solution, and 0°5 c.c. of the diluted serum 
added to each of the remaining tubes shown in Table I. Dilutions of the four 
drugs to be examined were then made in Ringer-glucose solution as follows :— 
atoxyl 1:50, tryparsamide 1:50, p-aminophenylarsenoxide 1 : 6,400,000, and 
halarsol 1 : 6,400,000. ‘The various concentrations of atoxyl in the nutrient medium 
shown in the table were made by adding 0’°§ c.c. of the 1 : §0 atoxyl solution to Tube 1 
and then, after mixing thoroughly, transferring 0°5 c.c. from this tube to the next 
and so on to Tube 9, from which 0°5 c.c. was then thrown away. By this means 
it was contrived that the concentration of drug in any tube was half that in the 
previous tube. ‘The various concentrations of the other drugs were prepared in the 
same manner. 

The trypanocidal action of the various drugs in respect of each of the three 
strains of 7. rhodesiense (normal, atoxyl- and acriflavine-resistant) was then examined 
by adding 0°025 c.c. of a suspension of trypanosomes obtained by suitably diluting 
the blood of a heavily infected mouse with Ringer-glucose solution, as described 
in our previous paper (1929) ; the tubes, after being covered with glass caps, were 
placed in the water bath at 37°C., and the contents examined at stated intervals. 


The figures contained in Table I show in the most graphic manner 
that whereas the pentavalent arsenicals—atoxyl and tryparsamide— 
are but slightly trypanocidal 7 vitro, the trivalent compounds— 
p-aminophenylarsenoxide and halarsol—are extraordinarily active. 


* We are greatly indebted to Dr. Ewins of Messrs. May and Baker for many of the compounds 
used in this work. 


t This strain is the one referred to in our previous papers (1929 and 1930) ; it was isolated 
from man in 1923, and since maintained by passage through mice. 


t The changes produced in the trypanosomes by the action of the various drugs were similar to 
those described in our previous paper on the action of normal human serum ; the parasites underwent 
various degenerative changes and finally all trace of them disappeared. 
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As will be seen, with all the drugs the trypanocidal effect varied 
considerably with the duration of the reaction, thus atoxyl 1 : 200 
killed the normal trypanosome strain in 4 hours, 1 : 800 in 8 hours, 
I: 1,600 in 12 hours and 1: 6,400 in 24 hours; tryparsamide was 
even less active. P-aminophenylarsenoxide 1: 51,200,000 killed 
the normal trypanosome strain in 4 hours, I : 102,400,000 in 8 hours, 
I : 409,600,000 in 12 hours after which there was no further change ; 
halarsol was almost equally active. From these figures it appears 


that the pentavalent atoxyl is, according to the length of time of the 

reaction, only about —+__ to ~—*— times as active as its 
256,000 64,000 

reduction product, viz., the trivalent ~-aminophenylarsenoxide. 


I. 


Showing the trypanocidal action of various organic preparations of arsenic on trypanosomes (normal, atoxyl-resistant 
and acriflavine-resistant strains), suspended in Rabbit serum-Ringer-glucose solution, at 37°C. 


No. of living trypanosomes per 256 squares of the 
Concentration of hemocytometer scale 
Tube Drug drug in Strain | 
nutrient medium. 2 4 8 12 16 20 24 
Start | hours | hours | hours | hours | hours | hours hours 
I I : 100 (| 45 
2 I : 200 4 
3 I : 400 35 ° 
6 I : 3,200 104 60 ° 
1:6,400 ... 88 50 30 | 
8 I : 12,800 ... 80 82 | 60 
9 I : 25,600 | 80 
13 | Tryparsamide 1:800_... 66 53 52 | 
14 I : 1,600 81 51 | 
15 I : 3,200 5 71 68 74 
16 I : 6,400 | go 
| 6s. 
18 6 ° 
19 I: §1,200,000__... 32 
20 | P-aminophenyl- :102,400,000 ... §2 36 
21 arsenoxide I : 204,800,000... sin 52 21 ° | 
22 I : 409,600,000... 78 I fo) 
23 1: 819,200,000... | 104 84 76 | 82 
24 I : 1,638,400,000 ... 86 go | 9° 
25 I: 12,800,000... 
26 I: 25,600,000... 32 wie 
I: 51,200,000... 55 21 
28 | Halarsol ... I : 102,400,000... 66 5 
29 I : 204,800,000 ... 79 12 ° 
30 1 : 409,600,000... | 100 | 88 | 96 | 88 
31 1 : 819,200,000... | 108 
32 Control... one g2 96 9 
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45 | 
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47 | 
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TaBLe I—continued. 


No. of living trypanosomes per 256 squares of the 
| Concentration of hemocytometer scale 

Tube Drug drug in Strain 
| nutrient medium 2 4 8 12 16 | 20 24 

Start | hours | hours | hours | hours | hours | hours | hours 


| 
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737 | 94 66 | 31 13 
38 | I:3,200 ... eee tee see | 102 


39 | ade 88 26 ° 
... 
I1:3,200 ... 


Cc 


istant strain 


I : 3,200,000 

I : 6,400,000 

47 | I: 12,800,000... 

48 | P-aminophenyl 1: 25,600,000 

49 | arsenoxide... 151,200,000... | 

50 | I: 102,400,000... es ana 108 98 84 | 8 ° 
I 


wn 


go< 5 ees eee eee 


Atoxyl-res 


5 I : 204,800,000 134 | 128 


53 I : 200,000 9 wan 
55 | Halarsol ... one I: 800,000 61 fe) 
56 I : 1,600,000 wine 77 27 
57 : 3,200,000 56 60 23 2 
I : 6,400,000 102 118 114 | 104 $6 


62 | Atoxyl ... 
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68 | Tryparsamide ... ont ies 40 ° 


— 


7 gI 74 | 46 38 18 
74 | P-aminophenyl 1: 12,800,000 & 704 | 69 2 
76 1: 51,200,0c0 84 55 I 
77 I: 102,400,000 ...| & 64 53. | «46 
78 I : 204,800,000... sie 68 | 69 66 69 


I : 400,000 59 24 ° 

82 Halarsol... 1: 800,000 73 57 I 
83 {:1,600,000 78 44 Ot 
| I : 3,200,000 79 78 12 

I : 6,400,000 on 93 68 41 
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In the case of the atoxyl-resistant strain atoxyl 1 : 100 failed to 
kill the trypanosomes in 4 hours, 1: 200 killed them in 8 hours, 
I : 400 in 12 hours and practically 1 : 1,600 in 24 hours ; tryparsamide 
behaved in very much the same manner. P-aminophenylarsenoxide 
1: 12,800,000 killed the trypanosomes in 4 hours, I : 25,600,000 
in 8 hours, practically I : 51,200,000 in 12 hours and I : 102,400,000 
in 24 hours ; but curiously enough in the case of halarsol, although its 
trypanocidal effect on the normal strain was almost equal to that of 
p-aminophenylarsenoxide, its action on the atoxyl-resistant strain 
was very much less, e.g., I: 400,000 killed the trypanosomes in 
4 hours, 1: 800,000 in 8 hours, I : 1,600,000 in 12 hours and 
I : 3,200,000 in 24 hours. The acriflavine-resistant strain reacted 
to all four drugs in exactly the same way as did the atoxyl-resistant 
strain. 

Summarizing the information obtained from experiments of this 
nature we find :— 

1. That the pentavalent arsenicals, atoxyl and tryparsamide, 
are relatively but slightly trypanocidal 7m vitro at 37°C. 

2. The trivalent arsenicals, p-aminophenylarsenoxide and 
halarsol are exceedingly trypanocidal in vitro at 37°C., killing the 
parasites even when diluted several hundred million times. 

3. The atoxyl-resistant strain is, in comparison with the normal 
strain, definitely resistant 7m vitro to all four drugs. With the 
pentavalent compounds, atoxyl and tryparsamide, this relative 
resistance is but slight, and this is likewise so with the trivalent 
p-aminophenylarsenoxide, but in the case of the trivalent halarsol the 
resistance is much greater. Accepting the figures at their face value, 
it appears that the atoxyl resistant strain is capable of withstanding 
in vitro about twice the concentration of tryparsamide as is the 
normal strain, about 4 times that of atoxyl or of p-aminophenyl- 
arsenoxide, and about 64 times that of halarsol. 

4. The acriflavine-resistant strain proved exactly as resistant 
to all four arsenicals as did the atoxyl-resistant strain. 

There are thus several interesting points which emerge from this 
work. Firstly, the trypanocidal activity 7m vitro of the trivalent 
compounds is such that it is quite unnecessary to assume that their 
therapeutic effect 7m vivo is dependent on anything other than the 
direct action of the unchanged drugs on the parasites ; this, however, 
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cannot be said of the relatively inert pentavalent compounds. 
Secondly, the character of drug resistance is inherent in the parasites 
themselves and is not, as has often been assumed, dependent on the 
host. Thirdly, a strain made resistant to acriflavine is just 
as resistant to organic arsenicals as is the atoxyl-resistant strain 
itself. Fourthly, the degree of resistance varies greatly with different 
drugs, i.e., with atoxyl, tryparsamide, and p-aminophenylarsenoxide 
the resistant strains are only about 4 times as resistant as is the 
normal strain, whereas with halarsol the resistant strain is about 
64 times as resistant as is the normal strain. 

These facts appeared to us to be so interesting that we decided 
to elaborate the investigation with a view to discovering whether it 
was possible to obtain definite quantitative values for the normal 
and resistant strains in respect of the whole series of drugs referred 
to above. Unfortunately, we were soon faced with the disconcerting 
fact that the same drug did not exhibit the same trypanocidal power 
on every occasion. For example, with halarsol we found that 
although the dilutest solution necessary to kill all the trypanosomes 
of the normal strain within a period of 24 hours was, as a rule, from 
I : 102,400,000 to I : 409,600,000 it varied, in extreme cases, from 
I : 25,600,000 to 1: 819,200,000 It therefore soon became evident 
that if we were to proceed with this investigation it would first of all 
be necessary to discover the cause of this variation. 

The most promising field for search appeared to be the nutrient 
medium. In every experiment this consisted of equal parts of 
either rabbit, or sheep, serum, carefully separated from all cellular 
material by centrifugation at high speed, and heated to 62°-63°C. 
for half an hour, and of Ringer-glucose solution. In the long 
series of experiments the sera of many rabbits and sheep were 
employed. Sometimes the serum was obtained on the day of the 
experiment and sometimes one or two days previously. Sometimes 
the drugs were added to the nutrient medium immediately before the 
trypanosomes, but on other occasions—especially when a large 
experiment involving the testing of many drugs was contemplated— 
the drugs were added to the nutrient medium one or even two days 
before the commencement of the experiment, the mixture of drugs 
and medium being stored in the ice-box during the interval. 

We, therefore, set ourselves to enquire whether the individual 
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rabbit or sheep serum was responsible for the different results, 
and also whether storing the mixture of drugs and nutrient medium 
in the ice-box for a day or two before the addition of the 
trypanosomes and commencement of the experiment, gave different 
values from freshly-mixed medium and drug. The results of many 
experiments showed that the sera of different rabbits gave slightly 
different values, as did also those of different sheep ; and, further- 
more, that as a general rule the drugs showed a higher trypanocidal 
reading when diluted in nutrient media made from rabbit serum 
than in those made from sheep serum. 

The experiments made with the object of ascertaining the effect 
of leaving the drug in contact with the nutrient medium, or of 
merely storing the nutrient medium in the absence of drug, for 
some days at low temperature (5°C.), gave strangely divergent 
results. On certain occasions neither of these procedures had any 
apparent effect, but on other occasions they exerted a markedly 
inhibitory effect on the trypanocidal action of the drug. This is 
clearly shown in the experiment recorded in Table II. 


ExperIMENT. ‘Two rabbits, B and D, were bled from the heart and the blood 
allowed to clot for two hours at 37° C. The sera were then separated from the clots, 
and, after centrifuging at high speed to remove all cellular material and débris, were 
heated at 62°-63° C. for thirty minutes. From these sera, nutrient media were 
prepared in the usual way, and the trypanocidal titre of halarsol, for the normal 
strain, determined with each medium under the following conditions :— 


1. Freshly-prepared medium mixed with freshly-prepared solution of 
halarsol immediately before the addition of the trypanosomes. 


2. Freshly-prepared medium mixed with a six-day-old solution of halarsol 
immediately before the addition of trypanosomes. 


3. Freshly-prepared medium mixed with freshly-prepared solution of 
halarsol, and the mixture stored at 5° C. for 48 hours, before the addition of the 
trypanosomes. 


Medium and halarsol solution stored separately at 5° C. for 48 hours 
before mixing and the addition of the trypanosomes. 


The details of technique were those described in the previous experiment. 


The figures set forth in Table II show that when the trypanosomes 
were added immediately after the mixture of freshly-prepared 
medium and freshly-prepared drug there was but little difference 
whether the medium was made with the serum of Rabbit B or 
Rabbit D. In the former case (Rabbit B) the trypanocidal titre of 
halarsol was in twenty-four hours almost I : 409,600,000, and in the 
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latter case (Rabbit D) nearly 1: 819,200,000. But slightly lower 
values were obtained when the trypanosomes were added immediately 
after the mixture of the fresh medium and halarsol solution kept 
for six days at 5° C. When, however, the parasites were added to 
the mixture of medium and drug which had stood for two days at 
5° C., the difference in the trypanocidal titre obtained with the 
two media was very pronounced. With the medium made from 
the serum of Rabbit B the trypanocidal titre of halarsol was less 
than I: 51,200,000, but with the media made from the serum of 
Rabbit D it was practically unchanged at nearly 1 : 819,200,000. 
A similar but rather less marked divergence was observed in the 
case when the nutrient media and drug were kept separately at 5° C. 
for two days and then mixed immediately before the addition of the 
trypanosomes. 

From experiments of this nature it is clear that leaving the 
drug in contact with the nutrient medium at low temperatures 
for 24 to 48 hours suffices in certain cases to modify greatly the 
trypanocidal titre obtained for the drug, and a similar though 
somewhat smaller fall in the titre may be produced by merely 
storing the medium at 5°C. for a like period before the addition 
of the drug. Why this should be so, and particularly why it should 
be so in the case of certain sera only, we are unable to say. A possible 
explanation seems to be that the individual sera differ slightly, 
and that certain of them contain particles in colloidal suspension 
which are capable of adsorbing minute quantities of the drug, so 
that when the latter is present in such infinitely minute amount as 
one part in several hundred millions an appreciable proportion of 
what is present is adsorbed, and consequently the amount left 
available to act on the trypanosomes is proportionately reduced 
with the result that the trypanocidal value is apparently considerably 
lowered. 

As a result of this work we reached the conclusion that the 
serum used in the nutrient medium is an important factor in deter- 
mining the exact trypanocidal value of a drug. Apparently the 
freshly-deactivated sera of different rabbits and of different sheep 
vary slightly and as a general rule higher values are obtained with 
media made from rabbit serum. A much more pronounced cause 
of variation, however, is the length of time the drug and nutrient 
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Taste II 


Showing the inhibition of the trypanocidal action of halarsol sometimes encountered when the drug js 
left in contact with the nutrient medium at 5° C. for 48 hours, and even when the nutrient medium alone 
is stored at 5° C. for a similar period. 


Source of serum 


Conditions of experiment 


Concentration 


Number of living trypanosomes per 
256 squares of the haemocytometer 
scale 


Tube | used in as regards length of time of halarsol in 
nutrient medium | nutrient medium kept at 5° C., | nutrient medium — 
either alone or after addition 4 $8 {| 12 24 
of drug Start | hours | hours hours hours 
I 1 : 6,400,000 imo | 
2 I : 12,800,000 Oo | 
3 I : 25,600,000 
4 | I : §1,200,000 3 | 
5 | Rabbit B ... I : 102,400,000 41 a oe 
6 I : 204,800,000 122 61 | 4 
I : 409,600,000 134 5 
8 1 : 819,200,000 
9 I : 1,638,400,000 | y2 
10 Freshly-prepared medium mixed | 1 : 3,276,800,000 a yo 
— with freshly-prepared solution aaa 
II of halarsol immediately before | 1 : 6,400,000 
12 addition of trypanosomes. I : 12,800,000 sits 
13 I : 25,600,000 ° 
14 : §1,200,000 2 
15 Rabbit D... I : 102,400,000 15 ° 
16 I : 204,800,000 50 15 
17 I : 409,600,000 84 63 34 0 
18 1 819,200,000 50 17 
19 I : 1,638,400,000 66 6 
20 I : 3,276,800,000 62 8 
21 : 6,400,000 76 
22 I : 12,800,000 | 
23 I : 25,600,000 ° 
24 I : §1,200,000 
25 | Rabbit B ... I : 102,400,000 84 2 ° 
26 I : 204,800,000 =a 86 13 
27 I : 409,600,000 ae 88 
28 I : 819,200,000 134 
29 Freshly-prepared medium mixed | 1 : 1,638,400,000 | se 
30 with six-day-old solution of | 1 : 3,276,800,000 
halarsol immediately before ane 
31 addition of trypanosomes. 1 : 6,400,000 
32 I : 12,800,000 
3 I : 25,600,000 
34 I : 51,200,000 6 ° 
35 | Rabbit D... I : 102,400,000 46 6 ° 
36 | I : 204,800,000 64 88 19 ) 
37 I : 409,600,000 2 
38 I 819,200,000 | 77 
39 | I : 1,638,400,000 84 
4o | I : 3,276,800,000 88 44 
41 Control, Rabbit B [ | 66 7 
42 Control, Rabbit D eee ee 68 56 
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[]—continued. 


Source of serum | 
used in | 
nutrient medium | 


Conditions of experiment 
as regards length of time 
nutrient medium kept at 5° C., 
either alone or after addition 
of drug 


nutrient medium 


Concentration 
of halarsol in 


Number of living trypanosomes per 
256 squares of the haemocytometer 


Rabbit B ... 


| 


| Rabbit D ... 


Freshly-prepared medium mixed 
with freshly-prepared solution 
of halarsol and mixture stored 
at 5° C., for 48 hours before 
addition of trypanosomes. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


: 6,400,000 

: 12,800,000 

: 25,600,000 

§1,200,000 
102,400,000 

: 204,800,000 

: 409,600,000 
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medium have been in contact at low temperatures before the 
addition of the trypanosomes. In the case of media made from 
certain sera contact with the drug for 24 to 48 hours suffices greatly 
to reduce the apparent trypanocidal value of the drug, whereas in 
the case of media made from other sera the reduction is but slight 
or even inappreciable. 

In view of this it seemed clear that, if we wished to obtain com- 
parable results in the case of a large number of drugs with different 
strains (normal and drug resistant) of trypanosomes, it was advisable 
to submit to the following conditions : 

1. That all the drugs to be compared should be examined 
with the same nutrient medium. 

2. That the serum used in the medium should be freshly 
obtained. 

3. That the trypanosomes should be added, and the experi- 
ment commenced, immediately after the dilution of the drugs in 
the nutrient medium. 

As the trypanocidal action of twenty-one drugs had to be 
examined on three different strains (normal, atoxyl-resistant and 
acriflavine-resistant) of trypanosomes nearly 200 c.c. of the serum 
were required for each experiment; and consequently it was 
necessary to employ sheep instead of rabbits for such comparative 
work. The results of a number of experiments of this kind were 
found to agree very closely, and although, as already mentioned, 
the trypanocidal values of most of the active trivalent arsenicals 
were found to be rather less when tested with media made from 
sheep serum than with those made from rabbit serum, elaborate 
experiments, wherein the trypanocidal values of all the drugs were 
examined at the same time with the same nutrient medium, had the 
great advantage of enabling the action of one drug to be contrasted 
with that of another. In Table III we have summarized the 
trypanocidal action of all the twenty-one drugs on the normal, 
atoxyl-resistant and acriflavine-resistant strains of T. rhodesiense. 
The experiments were conducted at 37° C. with observations made 
six hours and twenty-four hours respectively after the addition 
of the trypanosomes to the medium containing the various dilutions 
of drugs. 

The chief points which emerge from these experiments, appear, 
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Tasce III 


Showing the minimum concentration of drug necessary to destroy within 6 and 24 hours respectively the various 


strains (normal and resistant) of T. rbodestense suspended in Sheep-serum-Ringer-glucose im vitro at 37° C. 


MINIMUM LETHAL CONCENTRATION OF DRUG 


Normal Strain 


Atoxyl-resistant Strain 


Drug 
Within Within Within Within 
6 hours 24 hours 6 hours | 24 hours 
| 
Atoxvl ... ror : 200 I : 1,600 : <100 2 400 
Arsacetin B I : 1,600 : 100 : 800 
Tryparsamide 12200 I : 1,600 : 100 | I: 1,600 
| 
Stuvarsol 400 1 : 1,600 : 200/400 : 800/ 1,600 
Halarsol... 12 25,600,000 | I : 102,400,000 | I : 800,000 3,200,000 
Halarsol thioglycollate : 2§,600,000 | I : 102,400,000 | I : 800,000 2 3,200,000 
p-aminophenyl | 
arsenoxide It §1,200,000 | I : 102,400,000] 1: 6,400,000 | I : 25,600,000 
Reduced atoxyl | 
thioglycollate —...! §1,200,000 | I: 102,400,000 | 1: 6,400,000 =| 1: 25,600,000 
Reduced arsacetin —...] 1: 25,600,000 | I : 102,400,000 | I : 800,000 2 3,200,000 
Reduced tryparsamide 
thioglycollate 51,200,000 | I : 204,800,000 | I : 50,000 : 200,000 
Reduced stovarsol 
thioglycollate —_...| 1 : 800,000 1 : 6,400,000 | I : 200,000 400,000 
Novarsenobillon ...| I: 12,800,000 | I : §1,200,000 : 200,000 : 1,600,000 
Arsenophenylglycine I: 400,000 I : 3,200,000 200,000 : 1,600,000 
Arsenophenylglycine- 
amide It 25,600,000 | I : 102,400,000 _ 400,000 
Sodium arsenite I 1,600,000 I : 3,200,000 : 1,600,000 : 3,200,000 
Stibenyl... I : 12,800 3,200 | : 12,800 
Stibosan ne. I : 12,800 I : 3,200 | I: 12,800 
Potassium antimony | 
tartrate ... I 3 3,200,000 I : 6,400,000 I : 3,200,000 : 6,400,000 
Phenol... | 800 I : 3,200 1: 800 | I : 3,200 
Aniline ... 12400 I : 12,800 I: 400 | : 6,400 
Acriflavine 13 1,600,000 | 1: 25,600,000 | I : 200,000 | : 1,600,000 


| Acriflavine-resistant Strain 


Within 


6 hours 


. 


I: 


I: 


<100 


100 


: 800,090 

: 800,000 

: 6,400,090 
: 6,400,000 
: 800,000 

§0,000 

: 200,000 

: 200,000 


: 200,000 


: 1,600,000 


3,200 
3,200 
3,200,000 
800 


400 


I : 200,000 


Within 
24 hours 

I: 400 
1: 800 
I: 1,600 

: 800/1,6 
I : 3,200,000 
I 3,200,090 
I : 25,600,0 
I : 25,600, 
I : 3,200,000 

200, 
I : 400,000 
I : 1,600,000 
I : 1,600,000 
I : 400,000 
I : 3,200,000 
I : 12,800 
I : 12,800 
I : 6,400,000 
I 3,200 
I : 6,400 
I : 6,000,000 


factors 


* Owing to the fact that arsenophenylglycineamide is exceedingly insoluble the figures given for this drug are of 


doubtful accuracy. 
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so far as the normal strain of trypanosomes is concerned, to be as 
follows : 

1. The pentavalent arsenical compounds—atoxyl, arsacetin, 
tryparsamide, and stovarsol—are practically without trypanocidal 
action, a solution of 1: 1600 being required to destroy all the 
parasites within twenty-four hours. 

2. Aniline and phenol themselves are several times more active 
than the pentavalent arsenicals. 

3. The pentavalent antimonial compounds are likewise several 
times more active than the corresponding arsenical compounds, but 
possibly this may in some measure be due to decomposition of these 
products which are notably less stable than the arsenical compounds. 

4. The trivalent arsenical compounds—f-aminophenylarsenoxide, 
reduced atoxyl thioglycollate, reduced arsacetin, halarsol, halarsol 
thioglycollate and reduced tryparsamide thioglycollate—are extra- 
ordinarily trypanocidal, such enormous dilutions as I : 102,400,000 
to 1 : 204,800,000 sufficing to destroy all the trypanosomes within 
twenty-four hours. From this it appears that the trivalent 
arsenical compounds are about 100,000 times as trypanocidal as 
their corresponding pentavalent compounds. 

5. Reduced stovarsol thioglycollate proved to be much less 
active than the other trivalent arsenical compounds examined, 
I : 6,400,000 being required to destroy the parasites within twenty- 
fourhours. Itisthus about 4,000 times as active as its corresponding 
pentavalent compound. 

6. Of the arsenobenzols, novarsenobillon—whether previously 
oxidized or not—proved to be exceedingly active, a dilution of 
I : 51,200,000 being sufficient to destroy the trypanosomes within 
twenty-four hours. Arsenophenylglycine was likewise active but 
much less so than N.A.B., the trypanocidal titre being I : 3,200,000 ; 
it is, however, interesting to note that the corresponding amide— 
arsenophenylglycineamide—was remarkably active, the trypanocidal 
value being probably about I : 102,400,000.* 

7. Sodium arsenite and tartar-emetic also displayed considerable 
activity, the corresponding trypanocidal values being respectively 
I : 3,200,000 and I : 6,400,000. 


* Owing to the fact that arsenophenylglycineamide is exceedingly insoluble the figures given for 
this drug are of doubtful accuracy. 
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The action of these various drugs on the two resistant strains 
proved to be no less interesting. The outstanding points appear 
to be as follows :— 

1. The atoxyl-resistant and acriflavine-resistant strains proved 
to be equally sensitive to the action of the various drugs. 

2. To the pentavalent arsenicals, and to aniline, the resistant 
strains were but slightly more resistant than the normal strain; as 
a rule they withstood about twice the concentration of the drugs 
as did the normal strain. 

3. To the various trivalent arsenicals the resistant strains 
exhibited very different degrees of resistance. In the case of reduced 
atoxyl-thioglycollate and p-aminophenylarsenoxide the resistant 
strains withstood about four to eight times, in that of reduced 
stovarsol thioglycollate about eight to sixteen times, in that of 
halarsol, halarsol thioglycollate and reduced arsacetin about thirty- 
two to sixty-four times, and in that of reduced tryparsamide 
about 1,024 times the concentration which sufficed to destroy the 
normal strain. 

4. To the various arsenobenzols the resistant strains likewise 
exhibited very different degrees of resistance. To novarsenobillon 
they withstood thirty-two to sixty-four times, to arsenophenylglycine 
two to four times, and to arsenophenylglycineamide about 256 
times the concentration which proved fatal to the normal strain. 

5. lo sodium arsenite and to tartar-emetic the resistant strains 
proved just as susceptible as did the normal strain. 

6. To stibosan and stibenyl the resistant strains were likewise 
nearly as susceptible as the normal strain. 

From these facts it appears to us possible to draw certain con- 
clusions of importance. The trypanocidal power of the pentavalent 
arsenicals 1m vitro is so slight that the therapeutic value of these 
drugs is in no way dependent upon their direct action; they must 
owe their curative value either to the fact that they are reduced 
in the body of the host to their corresponding trivalent forms, or 
else to some remarkable capacity of stimulating the body of the host 
to produce some hitherto unknown trypanocidal substance. The 
astonishing activity of the trivalent arsenicals, or at least of such 
of them as have been shown to be of any value in the treatment 
of trypanosomiasis, appears to warrant the conclusion that their 


| 
ie 
= 
> 
| 
ye 
ag 
NS 
4 
a 
2 
~ 
Je 


O 


110 —As—ONa 
( 
| 
| | 


Atoxyl 


O 


HO—As—Na 


\ 


| | Arsacetin 
NH.CO.CH, 

O 


| 
HO—As—ONa 


| | Tryparsamide 

O 


| 
HO—As—ONa 


Stovarsol 


| | nico.cH, 


OH 


468 


O 


As 
Reduced atoxyl 
| (p-aminophenylarsenoxide) 


NH» 


Reduced 


| | Arsacetin 


| 


NH.CO.CH, 


S.CH.COONa 
As COOL 


Reduced atoxy] 
) thioglycollate 


NH, 


CHy.COONa 
S.CH).COOH 


Reduced 
tryparsamide 
thioglycollate 


Sor 


NH.CH).CONH, 


S.CH;.COONa 
CH COOH 


| thioglycollate 


Reduced stovarso! 
| 
| NH.CO.CH, 


OH 


S.CH».COONa 


Halarsol 
| thioglycollate 


OH 


CH.OH.CO 


CH.OH.CO 


As 
| 
| 
HN 
O 
As 
‘ 
|| 
OH 
4 
| Halarsol 
| NH NH, 
OH 


469 


As = As As = As 
/ 
Novarsenobillon Arsenophenyl- 
| | glycine 
LN NH.CH,OSONa | 
OH OH NH.CH2.COONa NH.CH,.COONa 
LO 
As Vl Sodium arsenite 
\\ONa 
Antimony potassium 
CILOH.COO.SbO tartrate HO—Sb—ONa 
( 
Stibeny] 
NH.CO.CH, 
| | Phenol | | Aniline 
OH NH, 


As = As 
Arsenopheny!l- 
| glycine 
» | amide 
/ 


NH.CH;.CONH, NH.CH;.CONH, 


O 
| 
HO—Sb—ONa 

| 
| 
[ Cl 


NH.CO.CH, 


Stibosan 


| 


— 
— 


4 of 


CHs Cl 


Acriflavine 


NH, 


= 
pt 
ace 
ig 
\ 
| 
N 
4 
‘ 
“ 


470 


therapeutic activity requires no other explanation than that it is 
solely dependent on the direct action of the drug on the parasite. 
A single illustration will indicate the reasonableness of this view. 
A dose of 0-05 mgm. of halarsol in 1 c.c. of water given intraperi- 
toneally to a 20 gm. mouse, the blood of which shows a moderate 
infection of trypanosomes (about 30,000 per c.mm.) will sterilize the 
peripheral blood within an hour or two. It 1s not possible to state 
what is the maximum concentration of the drug in the circulation 
of the mouse after an injection of 0-05 mgm. but it is not likely to 
exceed I : 30,000 and probably is considerably less, possibly even 
a tenth of this, i.e., 1: 300,000. Nevertheless as repeated 7 vitro 
experiments have shown that a concentration of I : 3,200,000 
halarsol is sufficient to kill the great majority of the trypanosomes in 
a suspension of 30,000 per cmm. within an hour or two, there seems 
no reason to invoke any other than direct action as the true explana- 
tion of the mechanism of the therapeutic effect of halarsol in the 
living animal. 

In view of the inactivity of the pentavalent arsenicals and of the 
remarkable activity of the corresponding reduction products, the 
hypothesis that the pentavalent compounds owe their therapeutic 
activity to the fact that they are in part reduced in the body of the 
host is not unreasonable. The fact that the trivalent compounds 
produce peripheral sterilization within an hour or so, whereas the 
sterilizing effect of the corresponding pentavalent compounds is first 
manifest after an interval of six or seven hours, affords support for 
the view. 

The reaction of the two resistant strains to the various drugs 
discloses a number of highly interesting facts. In the first place, it 
is worthy of remark that the two strains, made resistant by the use 
of such widely different compounds as atoxyl and acriflavine, should 
prove themselves exactly similar in their reaction to the 21 
compounds which we have examined. This seems to us to be 
a matter of importance and we shall return to it later in the present 
paper. 

In view of the fact that the trypanocidal action exerted by 
aniline, phenol and the pentavalent aresenicals on the normal strain 
is so slight, as to cause one to doubt whether they have any specific 
trypanocidal action at all, it is not surprising that the resistant 
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characters of the two resistant strains is but slightly manifest in 
respect of these compounds. Broadly speaking, the resistant strains 
proved themselves about twice as resistant to all of these compounds 
as did the normal strain. When, however, we turn to the highly 
trypanocidal trivalent compounds, we find a totally different state of 
affairs. To each of these the resistant strains exhibited a very 
definite degree of resistance, but strangely enough the degree of 
resistance to the various compounds differed enormously. In the 
case of p-aminophenylarsenoxide and reduced atoxyl thioglycollate 
the resistant strains withstood 4 to 8 times, in that of reduced 
stovarsol thioglycollate ahout 8 to 16 times, in that of halarsol, 
halarsol thioglycollate and reduced arsacetin about 32 to 64 
times, and in that of reduced tryparsamide thioglycollate no 
less than about 1,024 times the concentration which destroyed 
the normal strain. The same pronounced differences were seen in 
respect of the arsenobenzols, the resistant strains tolerating 
32 to 64 times as strong solutions of novarsenobillon as did the 
normal strain, in the case of arsenophenylglycine only 2 to 4 times as 
much, but in that of the amide of this compound (arsenophenylglycine 
amide) no less than about 256 times as much as did the normal 
strain. 

Before passing to consider these very suggestive facts, attention 
should be drawn to the important observation previously referred to, 
viz., that the resistant strains proved just as sensitive to the action 
of sodium arsenite and of tartar-emetic as did the normal strain. 
This observation has the more weight in that each of the compounds 
in question is highly trypanocidal, sodium arsenite killing all the 
strains within twenty-four hours when diluted 3,200,000 times, and 
tartar-emetic when diluted 6,400,000 times. 

This fact, that neither of the resistant strains exhibit the slightest 
resistance to sodium arsenite, seems capable of only one inter- 
pretation, viz., that the expression arsenic resistance as applied to 
atoxyl-resistant and acriflavine-resistant strains is a _ definite 
misnomer. ‘These strains are not arsenic resistant but are resistant to 
various organic compounds of arsenic. 

This conclusion is amply supported by the facts we have just 
summarized relating to the behaviour of the atoxyl- and acriflavine- 
resistant strains to the various trivalent arsenicals and arsenobenzols. 
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All these compounds contain, within, of course, certain rather narrow 
limits, approximately the same relative amount of arsenic trioxide, 
and yet to some of them, viz., p-aminophenylarsenoxide, reduced 
atoxyl thioglycollate and arsenophenylglycine, the resistant strains 
are only 4 to 8 times as resistant as the normal strains ; whereas, to 
quote the other extreme, to reduced tryparsamide thioglycollate and 
arsenophenylglycineamide the resistant strains are no less than 
2560 to 1,024 times as resistant as the normal strain. These facts, 
taken in conjunction with the lack of resistance exhibited by the 
resistant strains to sodium arsenite, can only mean that the resistance 
is really to the substituted phenyl radical. It is the constitution 
and position of the side chain which determines the trypanocidal 
activity of a trivalent arsenical, or of an arsenobenzol compound ; 
e.g., reduced stovarsol thioglycollate and arsenophenylglycine are 
hardly more active than sodium arsenite itself, whereas the other 
trivalent arsenicals and arsenobenzols are at least 30 to 60 times as 
active. Similarly, it is the constitution and position of the side-chain 
which determines the degree of resistance exhibited by the resistant 
strains. 

It is impossible from the limited number of compounds we have 
so far examined—unfortunately, the procedure is exceedingly 
laborious, involving long stretches of continuous work—to make 
any generalization on the significance of the constitution and position 
of the side-chain in the activity of the compound ; it is obvious that 
before we shall be in a position to do this, many more products must 
be tested. We might, however, draw attention to one or two out- 
standing facts. 

Firstly, it is interesting that so little resistance is exhibited by 
the atoxyl-resistant strain to the reduced product of the very drug 
used to make the strain resistant. We might well have anticipated 
that the atoxyl-resistant strain would have proved more resistant 
to reduced atoxyl thioglycollate and to p-aminophenylarsenoxide 
than to any of the other organic arsenicals ; yet the very reverse 
is the case. 

Secondly, the substitution of the -NH, group in the para position 
(reduced atoxyl thioglycollate) by a glycineamide group in the same 
position (reduced tryparasamide thioglycollate), although not 
producing any marked effect on the trypanocidal activity for the 
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normal strain, so lessens the activity for the resistant strains that the 
resistant factor of these is raised from about 8 in the case of reduced 
atoxyl thioglycollate to about 1,024 in that of reduced tryparsamide 
thioglycollate. On the other hand, changing the glycine side-chain 
of arsenophenylglycine into glycineamide as in arsenophenylglycine- 
amide not only enormously increases the trypanocidal activity for the 
normal strain, but actually lessens the activity for the resistant strains, 
so that the resistant factor changes from about 2 to about 256. It is 
highly interesting to observe that the resistant strains exhibit such an 
enormous degree of resistance to the reduced product of tryparsamide 
—a drug of such exceptional value in the treatment of certain 
types of human trypanosomiasis. This anomaly we are at present 
unable to explain but it obviously opens up an important field for 
research. 

Probably the information which will be accumulated as the result 
of study of the trypanocidal action for normal and resistant-strains 
of a larger number of compounds will throw much new light on the 
enormously important, and, as yet, very obscure, question of drug 
resistance. The fact that parasites develop a resistance to certain 
drugs and that this resistance varies in the case of different drugs, is 
one of fundamental significance in therapy. 


SUMMARY 


1. Asa preliminary step in an investigation designed with the 
object of throwing light on the mechanism of their curative action 
in the infected animal, the trypanocidal action of a number of 
preparations of arsenic and antimony was examined 7m vitro. 

2. The compounds employed were atoxyl, arsacetin, tryp- 
arsamide, stovarsol, halarsol, halarsol thioglycollate, p-aminophenyl- 
arsenoxide, reduced atoxyl thioglycollate, reduced arsacetin, reduced 
tryparsamide thioglycollate, reduced stovarsol thioglycollate, novar- 
senobillon, arsenophenylglycine, arsenophenylglycineamide, sodium 
arsenite, stibenyl, stibosan, potassium antimony tartrate, phenol, 
aniline, and acriflavine. 

3. The trypanocidal action 7m vitro of these drugs was examined 
on a normal strain of 7. rhodesiense and on atoxyl- and acriflavine- 
resistant varieties of this parasite. 
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4. With the normal strain of trypanosomes it was found that the 
organic pentavalent compounds are but slightly trypanocidal, a 
solution of 1: 1600 being required to destroy the parasites within 
24 hours. Aniline and phenol were several times more active. The 
organic trivalent arsenical compounds are extraordinarily trypano- 
cidal, even when diluted several hundred million times they killed the 
trypanosomes within 24 hours; this also applies in the case of the 
arsenobenzols—novarsenobillon and arsenophenylglycineamide—but 
arsenophenylglycine, although very active, is much less so than the 
other arsenobenzols, a solution of I: 3,200,000 being required to 
destroy the trypanosomes in 24 hours. Sodium arsenite and tartar- 
emetic likewise displayed considerable action, the corresponding 
trypanocidal titres being respectively I : 3,200,000 and I : 6,400,000. 

5. The response of each of the two resistant strains to the various 
compounds, although frequently very different from that of the 
normal strain, proved in every case to be exactly similar to one 
another. The resistant strains were but slightly more resistant to the 
pentavalent arsenicals and to aniline than was the normal strain, 
withstanding as a rule about twice the concentration of drug as did 
the latter strain. But to the various trivalent arsenicals and arseno- 
benzols the resistant strains exhibited extraordinarily different 
degrees of resistance, e.g., to reduced atoxyl thioglycollate, p-amino- 
phenylarsenoxide and arsenophenyglycine, they were only about 
4 or 8 times as resistant as was the normal strain, whereas to arseno- 
phenylglycineamide and to reduced tryparsamide thioglycollate they 
were no less than 256 to 1024 times as resistant as was the 
normal strain. To sodium arsenite and to tartar-emetic the resistant 
strains proved to be just as susceptible as did the normal strain. 

6. From these facts the following deductions are drawn :— 

(1) The trypanocidal activity 7m vitro of the organic 
trivalent arsenicals, of the arsenobenzols, of sodium arsenite, 
tartar-emetic and acriflavine is such as to warrant the 
conclusion that their therapeutic activity in the infected 
vertebrate requires no other explanation than that it is 
solely due to the direct action of the drug on the parasite. 
The action of the organic pentavalent arsenical and anti- 
monial compounds is so slight as to render such an explana- 
tion of their therapeutic activity untenable. A reasonable 
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explanation of their therapeutic value appears to be that 
they are reduced in the body of the host to the corresponding 
trivalent compounds. 

(ii) The term ‘ arsenic resistance’ as applied to atoxyl- 
resistant and acriflavine-resistant strains is a definite mis- 
nomer. These strains are not arsenic resistant, but resistant 
to various organic compounds of arsenic. The similarity 
of the behaviour of the two strains made resistant to atoxyl 
and acriflavine respectively, the varying degree of resistance 
which they exhibit to the different organic compounds of 
arsenic, and the fact that they are just as susceptible to 
sodium arsenite as is the normal strain, all indicate in the 
clearest possible manner that the resistance of these strains 
is not to arsenic, but to the substituted phenyl radical. 
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A CASE OF QUININE HAEMOGLOBINURIA 


BY 


WARRINGTON YORKE 
(Received for publication 9 October, 1930) 


The following notes, concerning a case in which the administration 
of small doses of quinine was repeatedly followed by haemoglobinuria, 
appear to be worthy of record. 

The patient, a daughter of English parents, was born at Broken 
Hill, N. Rhodesia, in April, 1927. Six weeks later she was taken 
to a farm 50 miles from Fort Jameson ; during the journey prophy- 
lactic quinine, in the form of daily doses of halfa grain of euquinine, 
was commenced, and was continued after her arrival at her destina- 
tion. The child remained quite well, except for a single attack of 
fever lasting three or four days, when she was about a year old, 
until June, 1929. During the whole of this period, June, 1927, to 
June, 1929, she had been given the daily half grain dose of quinine, 
except during the cold months, April to July. 

In June, 1929, the child was taken to stay with some friends in 
Fort Jameson. A few days later she developed an attack of fever 
and was given quinine, half a grain, daily. She rapidly improved 
and a week later returned home and remained well until September, 
1929, when one morning her mother, who noticed that the child 
‘was very restless and cross,’ gave her a dose of one grain of quinine 
about 10 a.m. During the afternoon of the same day the child 
developed an attack of blackwater and was immediately taken to the 
doctor in Fort Jameson. The following day the urine had cleared ; 
she was again given one grain of quinine, and this in turn was followed 
by another attack of haemoglobinuria. The child was then admitted 
to hospital in Fort Jameson for two weeks; the haemoglobinuria 
disappeared in the course of a day or two, and she rapidly recovered. 
No more quinine was given during this period. 

She was then removed from hospital to the house of friends in 
Fort Jameson and a week later the doctor advised commencing 
quinine again. She was consequently given a dose of one grain, 
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and this once more was followed by a mild attack of blackwater. 
No more quinine was given and a fortnight later she was taken 
home to the farm and remained well up to December, 1929, when it 
was decided that her mother should take her to England. 

On the way to Beira they stayed at Blantyre for a few days, 
awaiting a train, and the mother took the opportunity of consulting 
the Medical Officer; he advised that, although the child appeared well, 
she should be given small doses of quinine to prevent the possibility 
of an attack of malaria on the voyage home. The child was conse- 
quently given half a grain of quinine, and three hours later passed 
blackwater ; she was admitted to hospital and all the symptoms 
subsided in the course of a day or two. 

At the beginning of January, 1930, whilst in the Red Sea, the 
child appeared to be slightly indisposed and the ship’s surgeon 
advised quinine. She was given a dose of half a grain, and again 
had another mild attack of blackwater. 

No further quinine was given and the child rapidly improved 
and remained well until she was brought to see me at the end of 
July, 1930, with a view to obtaining an opinion whether she was 
fit to return to Central Africa. She was then in excellent health, 
well-nourished, not anaemic, there was no enlargement of the spleen, 
the urine was normal, and examination of the blood failed to reveal 
anything suggestive of malaria. I expressed the opinion that, in 
view of the fact that the child had suffered from so many attacks 
of haemoglobinuria as the result of small doses of quinine, it would 
be unwise for her to return to a malarious region. This advice 
greatly distressed the mother, who was exceedingly anxious to take 
the child back to Rhodesia with her. In view of the mother’s distress, 
I suggested that possibly, as the child had been perfectly well during 
the last seven months, she might no longer be hyper-sensitive to 
quinine, and that it might be worth while ascertaining whether she 
could now take quinine without ill effects. It was consequently 
decided to try the experiment. 

She was given half a grain of quinine daily on August Ist, 2nd 
and 3rd, without any ill effect. On August 4th, the dose was 
increased to one grain, and a similar dose was given on the morning 
of August 5th. During the evening of this day she became feverish 
and very cross, and early the next morning passed blackwater and 
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became definitely icteric; the urine gradually cleared during the 
day and the child rapidly recovered. 

The following points in this interesting case seem worthy of 
note 

During the first two years of life the child was apparently not 
hyper-sensitive to quinine, and indeed took the drug regularly 
without ill effect. It was not until after the second definite attack 
of malaria that she became hyper-sensitive to the drug. From 
this period onwards, the administration of the same dose, which she 
had previously taken with impunity, invariably produced an attack 
of haemoglobinuria. Possibly during her seven months’ sojourn in 
England, without malaria and without quinine, the hyper-sensitive- 
ness to quinine had to some extent decreased. This is suggested by 
the fact that it was only after the administration of quinine for 
five days (half a grain on each of the first three days, and one grain 
on each of the last two) that she developed blackwater, whereas on 
each of the five previous occasions a single dose varying from half to 
one grain had sufficed to provoke an attack of haemoglobinuria. 
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SOME PARASITIC NEMATODES OF 
FROGS AND TOADS 


BY 


jJ. N. KARVE, 


PROFESSOR OF BIOLOGY, SIR PARASHURAMBHAU COLLEGE, POONA, INDIA 
(Received for publication 14 April, 1930) 


The present paper describes three species of Nematodes, two of 
which were parasitic in the frog (Rana tigrina) and were collected 
by the writer at Nagpur. The third was obtained by Professor G. D. 
Bhalerao, of Science College, Nagpur, from the toad (Bufo melanos- 
tictus), at Rangoon (Burma), and very kindly handed over by him 
to the writer for determination. 


Family HETERAKIDAE. 
Sub-family HETERAKINAE. 
Meteterakis govindt, n.g., n.sp. 


Worms belonging to this species are small in size. The body 
is bent ventrally to a marked degree in both sexes. Lateral alae 
are present, but they could not be observed very well in the male. 
In the female they are feebly developed and beginning at 0-3075 mm. 
from the anterior extremity continue to the tip of the tail. The 
transverse striations could not be observed. 

The mouth is surrounded by three lips, one dorsal and two 
sub-ventral. Each lip carries a single papilla. The diameter of 
the head, at the base of the lips, is 0-62 to 0-3512 mm. A small 
oral cavity is present.” The oesophagus is divided into three parts. 
The first of these, the pharynx, measures about 0-0432 mm. in the 
male and 0-0448 to 0:0544 mm. in the female. The breadth of the 
pharynx is about 0-025 mm. in the male and 0-0288 mm. in the female. 
The pharynx is distinctly separated from the following portion of 
the oesophagus by a partition. The second portion of the oesophagus 


is a strongly muscular simple tube, which passes posteriorly into the 
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third portion of the oesophagus, the bulb. The lumen of this tube 
is triradiate and is lined throughout its length by thick refractive 
cuticle. The oesophageal bulb is highly muscular and contains the 
valvular apparatus. It measures 0-19 to 0-3 mm. by 0-143 to 
0-193 mm. The lumen of the bulb is also lined by thick refractive 
cuticle. No intestinal valves could be detected at the junction of 
the oesophagus and the intestine. The entire oesophagus measures 
0-887 to I-o mm. in the male and 0-931 to 1-043 mm. in the female. 

No cervical papillae were observed. The nerve-ring cannot 
easily be located and appears to encircle the oesophagus at about 
0:2775 to 0-3 mm. from the anterior end. The excretory pore is 
very large and is situated at a distance of 0-462 mm. in the male 
and 0-512 to 0-54 mm. in the female, from the same end. It com- 
municates with a big sac into which two canals open. 

The male is 5-0 to 5-4 mm. in length, and has a maximum thick- 
ness of 0-231 to 0-287 mm. measured dorsoventrally. The posterior 
end possesses well-developed alae which form the bursa. There is 
a preanal sucker with distinctly chitinized rims. It measures 
0-:0415 to 0:044 mm. by 0-024 to 0:0298 mm., and is situated at a 
distance of 0-:0687 mm. anterior to the cloaca. The caudal papillae 
are numerous. Some of them are very minute and extremely 
difficult to detect. Seventeen pairs could definitely be observed. 
They can be divided into presuctorial, parasuctorial and post- 
suctorial groups. The presuctorial group consists of four pairs of 
papillae, all of which are ventral, but in certain specimens two out 
of the four pairs are slightly lateral. There are three pairs of 
papillae in the parasuctorial group, all of which are ventrolateral. 
The two anterior pairs of this group are very stout the third being 
much slenderer. The postsuctorial group of papillae falls into two 
sub-groups, one preanal and the other postanal. The preanal group 
is made up of three pairs two of which are ventral and one lateral 
and very stout. The stout lateral pair may be situated by the side 
of the cloacal opening or a little anterior to it. One of the two 
ventrally situated pairs of this group is very small. The postanal 
group consists of seven pairs of small papillae. Of the posterior 
three pairs two are subventral. The remaining five pairs are all 
ventrally situated. The area surrounding the cloacal aperture 
appears to be covered with minute papillae besides those mentioned. 
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The equal and similar spicules measure about 0:27 mm. In the 
latter half of their length they are very delicate. The cloacal 
opening situated at 0-168 to 0-2 mm. from the posterior end, is very 
large and has well-developed lips as a result of which the cloaca seems 
to protrude out of the body when viewed laterally. 

The female measures 4:6 to 6:0 mm., having a dorsoventral 
thickness of 0-250 too-3 mm. The vulva lies a little anterior to the 
middle of the body. The body of the female gradually tapers down 
towards both the extremities from this region. In three specimens 
measuring 4-6 mm., 5-6 mm., and 6-0 mm. the vulva was situated 
at 2:2 mm., 2-5 mm., and 2:8 mm. respectively from the anterior 
end. The opening of the vulva is protected by a strongly developed 
flap which is directed posteriorly. The vagina is long, muscular, and 
well developed. It runs posteriorly and parallel to the body wall. 
At a point about 1-3 mm. from the vulva it bifurcates into two 
uterine branches, which appear to be parallel. The branches of the 
uterus are packed with eggs measuring 0-075 by 0-0431 mm. The 
shell measures 0:0048mm. In aspecimen measuring 4-6mm. the most 
anterior loop of the ovary is situated at a distance of 0-3375 mm. 
from the posterior end of the oesophagus and the most posterior 
loop of the uterus is situated at 0-675 mm. from the caudal extremity. 
It is very difficult to follow the complete course of the genitalia as 
the uterine branches are densely packed with eggs and appear to fill 
nearly the whole of the body. The tail is 0-262 to 0-343 mm. long 
and gradually tapers down to a point. The caudal papillae are 
situated at a distance of 0-0g mm. from the posterior end. 

Affinities. This worm is closely related to Heterakis in the 
possession of caudal alae, three lips, an oesophagus terminating 
posteriorly in a bulb, a preanal sucker with chitinoid border and a 
well-developed bursa; but differs from it in possessing seventeen 
pairs of caudal papillae, feebly developed lateral alae, comparatively 
long pharynx, flapped vulva and long, muscular vagina. 

Generic diagnosis. Heterakinae; cuticle with feebly developed 
lateral alae. Mouth with three lips, each carrying a single papilla. 
Male: caudal alae well developed; seventeen pairs of caudal 
papillae ; four pairs presuctorial, three parasuctorial, and ten post- 
suctorial ; two parasuctorial pairs and one postsuctorial (adanal or 
a little anterior to the anal aperture)—very stout. Spicules equal, 
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similar and delicate in the latter half of their length. Female: 
Vulva a little anterior to the middle of the body, uterine branches 
parallel, oviparous ; eggs with unsegmented contents. Parasites of 
toads. 


Type species :—Meteterakis govindi. 

Host :—Bufo melanostictus. 

Habitat :—Rectum. 

Locality :—Rangoon (Burma). 

This species is named after Professor Bhalerao. 
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Fic. 1. Anterior end of a female worm Fic. 2. Last portion of the oesophagus— 
seen from the ventral side. p.—Papilla situated the bulb. Ventral view. 6.—Oesophageal 
on the lip; p.—Pharynx; pt.—Partition bulb ; i.—Intestine ; m.—Middle portion of 
separating the pharynx from the middle the oesophagus. 
portion of the oesophagus. 
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Fic. 3. 4.—Excretory pore, lateral view; B.—Excretory pore, magnified, ventral view. 
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Fic. 4. Posterior end of the male worm Fic. 5. Female genitalia from a dissected 
showing the caudal papillae, the sucker, the worm. Ventral view. {.—Protective flap. 


spicules, etc., ventral view. an.—Anus ; 
s—Spicule ; sk.—Sucker 1-4.—Presuctorial 
papillae (4 pairs) ; 5-7.—Parasuctorial papillae 
(3 pairs); 8-17.—Postsuctorial papillae (10 


pairs). 


E 

_ Fic. 6. Region of the vulva. Lateral Fic. 7. Lateral view of the posterior 
view. e—Egg;  f.—Protective flap ; end of female. /.—Posterior loop of the 


o.—Vagina. uterus; ov.—Ovary. 
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Family CAMALLANIDAE. 


Camallanus baylist, n.sp. 


The worms, in living condition, had a reddish colour, which was 
lost after fixing them in 70 per cent. alcohol. The total length is 
8-0 to 9-5 mm. in the male, and 14:0 to 20:0 mm. in the female. 
The male has a maximum thickness of 0-2625 to 0-27 mm., the 
female 0-4125 mm. The cuticular striations are fine. The dorso- 
ventral diameter of the head, measured at the anterior angles, is 
0:0832 to 0-0975 mm. in the male, and 0-12 to 0-165 mm. in the 
female. The chitinous buccal valves, broad anteriorly and narrow 
posteriorly, are distinctly broader than long, their length, excluding 
the posterior ring, being 0-072 to 0-088 mm. in the male, and 0-1275 to 
0-15 mm. in the female. Their width is 0-096 to 0-1168 mm. in the 
male and 0-1425 to 0-1875 mm. in the female. The number of 
longitudinal ridges on each valve varies between nine and eleven, 
the latter number being almost always found in fully developed 
specimens. The posterior extremity of these ridges (especially of the 
middle six) is somewhat thick. The ridges at the sides are short 
and between two ridges is situated a small chitinized tooth-like pro- 
jection. The posterior ring of the buccal apparatus has a diameter of 
0:0656 to 0:0704 mm. in the male, and about 0-08 mm. in the female. 
In a lateral view the ring appears somewhat curved in the posterior 
direction. The dorsal and ventral tridents are well developed and 
the middle prong measures 0:0272 to 0:04 mm. in the male and 
0:032 to 0-004 mm. in the female. The tridents show considerable 
variations in size and shape, some of which are shown in fig. Io. 
The head bears three papillae on each side near the extremity. 
The oesophagus shows the usual division into an anterior-muscular 
and a posterior-glandular portion. The former is distinctly club- 
shaped, and measures in length 0-48 to 0-5157 mm. in the male and 
0-6 to 0-65 mm. in the female. The posterior portion is 0-4350 to 
0-54 mm long in the male, and 0-4275 to 0-5175 mm. in the female. 
The small cervical papillae are situated about 0-1920 mm. from the 
cephalic end. The nerve-ring encircles the anterior portion of the 
oesophagus at a distance of 0-1392 to 0-:1950 mm. in the male and 
0:2325 to 0:2475 mm. in the female from the anteriorend. The small 
excretory pore is situated at 0-31 to 0-3675 mm. from the same end. 
The intestine is somewhat narrower than the oesophagus. 
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In the male the bifid (ending in two spines) tail measures 0-16 to 
0:18 mm. The caudal end possesses alae, and the alar region of 
the body is somewhat thick. The alae, broad at the beginning, 
gradually taper down posteriorly, and at a distance of about 0-2 mm.— 
in the region of the sixth and the seventh preanal ribs—from the 
caudal tip they widen out only to taper down again to the extremity. 
The alae measure 0-7125 to 0-7875 mm. in length. Their width 
is 0-18 to 0-1875 mm. at the level of the seventh preanal rib and 
0:2850 to 0-2925 mm. at the level of the second preanal rib. The 
ventral region of the bursa is well supplied with muscles the action 
of which seems to be to produce a sucker-like depression when 
required. 

There are seven pairs of preanal rib-like papillae projecting 
into the alae. In addition to these there are six pairs of postanal 
papillae and two pairs of adanal ones. Numbering from the caudal 
end the first postanal pair is situated at a distance of 0-0225 mm. 
(male measuring 8-5 mm.) and the second pair at 0-075 mm. from 
that end. Just anterior to this is situated a pair of small, hair-like, 
long papillae, with a thick base. The next three pairs form a group 
and are situated at a distance of 0-1275 mm. from the posterior 
extremity. The two pairs of adanal papillae appear to be inserted 
on the lips of the cloaca. The seventh preanal rib is just anterior 
to the cloacal opening and is 0-1875 mm. distant from the caudal 
tip. The distance between the sixth and the seventh rib is 0-03 mm. 
and that between the fourth and the fifth pair is considerable and 
measures 0:1575 mm. The remaining pairs of the ribs are about 
equally spaced from each other. The two spicules are unequal 
and dissimilar. The right is stout and measures 0-4650 mm. in 
length. It has a prong at the tip which varies in shape. In almost 
all the specimens the distal portion of this spicule is alate. The 
left is delicate and very slender and measures 0-149 to 0-225 mm. 
in length. 

The tail of the female measures 0-1275 to 0-1350 mm. and is finger- 
shaped. At its tip it has three minute spines which are larger in 
immature specimens. No caudal papillae could be detected. The 
vulva is in front of the middle of the body, at 5-35 to 6:90 mm. 
from the anterior extremity. It has prominent, equally developed 
lips. The vagina is muscular and narrow. It runs back posteriorly, 
parallel to the body-wall and appears to bifurcate into the opposed 
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uterine branches at a distance of about 1-5 mm. from the vulva. 
The posterior branch of the uterus does not end in an ovary as 
usual and terminates at a distance of 2-80 mm. from the caudal end. 
The worm is viviparous. 

Specific diagnosis. Buccal valves distinctly broader than long, 
possessing nine to eleven ridges each; the posterior ring of the 
buccal apparatus slightly curved backwards ; tridents vary in shape ; 
caudal alae not very well developed ; fifteen pairs of caudal papillae, 
seven preanal, two adanal, and six postanal. Three pairs of papillae, 
immediately posterior to the cloacal opening are close together and 
form a group; a pair of filiform papillae present posterior to this 
group. 

Camallanus kachugae Baylis and Daubney, 1922 is the only other 
Indian species so far described. The species here described is named 
after Dr. H. A. Baylis of the British Museum. 

Host :—Rana tigrina. 
Habitat :—Small intestine. 
Locality :—Nagpur. 


Camallanides prashadt Baylis and Daubney, 1922. 


A single male worm, belonging to this species, was obtained from 
the small intestine of Rana tigrina. It is noteworthy that out of 
about 100 frogs examined for parasites only one yielded a male 
specimen of this species. 

Measurements of this worm are as follows :— 


Total length ... 7.6mm, 
Maximum breadth... 0.2175 mm. 
Dorsoventral diameter of the head 

measured at the anterior corners 0.075 mm. 


Buccal valves, length 0.0675 mm. 
» width ... 0.0825 mm. 

Rods, right... 0.05 mm. 

Diameter of the Ring a ... 0,0304 mm. 
Muscular oesophagus ... pe ... 0.2625 mm. 
Posterior oesophagus ... 0.3750 mm. 
Nerve-ring.... 0.1350 mm. from the anterior end. 
Excretory pore er ... 0.2475 mm. from the anterior end. 
Cervical papillac a a ... 0.2775 mm. from the anterior end. 
Right spicule ... 0.24 mm. 
Left spicule ... O14 mm. 


Accessory piece ... 0,021 mm. 
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The caudal end is curved ventrally and is provided with well- 
developed muscles and alae. There are seven pairs of preanal ribs 
supporting the alae, and two pairs of ventrally curved adanal papillae. 
The five pairs of postanal papillae are all lateral. Out of these the 
three nearer to the cloaca are close together and form a group. 
The remaining two are isolated. The spicules are unequal and 
dissimilar. The right spicule is stout, and in the latter half of its 
length possesses alae. It forms a hook at its distal end. The left 
spicule does not possess alae, is slender and delicate and tapers down 
to a fine point. 

Baylis (1929) has published a note on the hosts of this species. 
He gives a list of hosts which are all reptiles. Rana tigrina seems 
to be a new host for this species. 

Host :—Rana tigrina. 

Locality :—Nagpur, India. 
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Olmm O1mm. 
Fic. 9g. (A).—Dorsal view of the anterior end of a female worm. (B).—Lateral view of the 
same. p.—Papillae; r—Ring; t.—Trident; rg.—Ridges; e—Ocsophagus. 
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Fic. 10. Tridents showing variations. Ventral view. 
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Fic. 11. Ventral view of 
the posterior extremity of a 
male worm, showing the bursa 
and the well-developed mus- 
culature. 6.—Tail ending in 
two spines ; m.—Muscles. 


Fic. 13. Ventral view of the posterior 
region of the male, more magnified, showing 
the adanal and the postanal papillae. 
an.—Anus; p’, p”.—The two adanal 
papillae; 1-6.—Postanal papillae (Papilla 
3 18 the hair-like papilla). 
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0-05mm 


Fic. 14. The tail region of the male highly 
magnified to show the first pair of the postanal 
papillae and the two spines in which the tail 
ends. Ventral view. 


Fic. 15. Spicules drawn from the ventral side. 


0-3mm. 


03-mm. 


Fic. 12. Lateral view of the 
posterior end of the male show- 
ing the alae, preanal ribs, etc. 
a.—Alae ; an.—Anus ; g.—Rectal 
glands ; 1-7.—Preanal ribs. 
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Fic. 17. 
The posterior end of 
an immature female 
showing the three large 
spines. 
005mm 


Fic. 16. Some _ variations 
observed in the distal end of the 
right spicule. 
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POSSIBILITY OF MECHANICAL 
TRANSMISSION BY INSECTS IN 
EXPERIMENTAL YELLOW FEVER* 


BY 


CORNELIUS B. PHILIP, M.D. 


(Received for publication 24 July, 1930) 


It has been demonstrated that certain disease-producing 
organisms are mechanically carried from host to host by blood-sucking 
insects, most of which are, by the nature of their attack, pre-disposed 
to intermittent feeding. Mechanical transfer has been particularly 
clearly shown to occur in sleeping sickness and other trypanosome 
diseases, and in anthrax. In experiments with these diseases flies 
have been allowed to bite an infected host and have been interrupted 
in their feeding and immediately transferred to a normal host, on 
which they have been permitted to complete their meal. Although 
mosquitos are known to be the sole vectors of four important human 
diseases, apparently they have never been shown to act as mechanical 
disseminators of the causative organisms of these diseases. f 

During the investigations of the Yellow Fever Commission in 
West Africa, it was considered of importance to ascertain whether or 
not yellow fever virus could be transmitted on the contaminated 
mouth-parts of mosquitos. Experiments were therefore undertaken 
using considerably more insects than were likely to be involved 
epidemiologically in the spread of this disease from any one case. 
After these investigations were started, there came to hand an 
interesting paper by Mayne (1928), in which he reported negative 
results in attempts to transfer tertian malaria mechanically by three 
to forty specimens of Anopheles quadrimaculatus in four trials, and 
by two to fifteen specimens of Aedes thibault: in eight experiments. 


* The studies and observations on which this paper is based were conducted with the support 
and under the auspices of the International Health Division of the Rockefeller Foundation. 


t Two references have recently been noted, however, in which mosquitos have been considered 
to act in a mechanical manner in experimental transfer of surra to horses and of fowl-pox. These 
are respectively: (1) Nieschulz 1928. Zoological contributions to the surra problems. XXII 
Transmission experiments with Anopheles fuliginosus, Gil. [trans. title] Centbl. Bakt., etc. 1 abt. 
Orig. 10g (5s. 6d.), 327-330. (Abstr. in Exper. Sta. Record, 60, 850.) (2) Kligler, Muchenfuss, 
and Rivers, 1929. ‘Transmission of fowl-pox by mosquitos. F/. Exper. Med., 49, 649-660. 
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The insects used in the experiments reported below were 
principally Aedes aegyptt, but supplemental information is given on 
Cimex lectularius and Pedicinus sp. The Asibi strain of yellow fever 
was employed in all experiments, with the exception that in one 
with a suspension of monkey lice the A.S. strain was used. In 
the interrupted feeding of mosquitos and bed-bugs the intervals 
between successive bites were made as short as possible. The 
method of immobilizing experimental monkeys on a board, as de- 
veloped by Stokes, Bauer, and Hudson (1928) was utilized, as it 
permitted the rapid completion of blood-meals. All source animals 
died, and the findings at necropsy were typical of yellow fever.* 


AEDES AEGYPTI Linn. 


Three experiments were undertaken with laboratory-reared stock 
of Aedes aegypti Linn. In the first, an infective monkey, MW. rhesus A, 
was applied to the outside of the screen cage of a lot of normal 
mosquitos. When these insects were observed by transmitted 
light to be definitely obtaining blood, they were drawn into a 
large pipette and rapidly transferred to another cage 7m which a 
normal animal, M. rhesus B, had been placed. Thirty-nine female 
mosquitos of Lot 78 were thus transferred during the process of 
feeding, without apparently seriously inhibiting their desire for 
furtherengorgement. Test rhesus B remained normal, and died when 
again bitten by ten of these insects after the lapse of seventeen 
days. This confirmed the infectivity of the donor animal as well 
as the susceptibility and exposure of the test monkey. 

The technique was varied in the second and third experiments 
in an attempt to obtain greater exposure of the test animals. The 
source-of-virus monkeys, M rhesus (C and G), were placed inside 
the cages with 139 and 193 normal mosquitos respectively (Lots 138 
and 160). The insects had been previously moisture-starved to 
stimulate rapid feeding. | As mosquitos were observed to be partially 
fed they were blown off the animal with a glass tube inserted through 
the sleeves of the cages, and normal monkeys D and H 
were substituted for the infective monkeys. The infective animals 


* The necropsies were performed by Drs. N. P. Hudson and J. H. Bauer, of the West African 
Yellow Fever Commission. 
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had been exposed for ten minutes in each case before they were 
replaced with the normal monkeys. The latter, in both these 
experiments, continued to have normal temperatures for twenty-one 
and sixteen days, respectively, and died of yellow fever when tested 
for susceptibility. They exhibited the typical pathological lesions 
of this disease. 

Controls for Experiments II and III, consisting of ten and twenty- 
five infects from the respective lots, were drawn into catching tubes 
before they had quite finished feeding on the second or normal 
monkeys, so that there would be no doubt as to their having had 
the second or normal-blood feeding. An attempt was made to select 
only those that were previously observed to alight on the normal 
monkey with some blood already visible in their midguts. 
The control group of ten insects for Experiment II (sub-lot 
138a) was tested for infectivity after twenty-one days, when 
six specimens failed to induce yellow fever in a_ normal 
monkey (M. rhesus E) by biting it. This animal was given 
a susceptibility test ten days later (by mistake the observation 
period was made hardly long enough). It died of yellow 
fever and showed typical pathological lesions at necropsy. Subse- 
quently, another normal monkey (M. rhesus F) was bitten by eight 
mosquitos of the same control lot and showed no reaction, although 
later it had a group of suspicious high temperatures following the 
injection of a saline suspension of six of these insects. This animal 
proved insusceptible on retest with known infective blood-virus. 
After sixteen days the control in the third experiment (sub-lot 160a) 
induced fatal yellow fever in the original test rhesus (H). 

The data for these three experiments with A. aegypti are 
presented in Table I. 


CIMEX LECTULARIUS Linn. 


A large-mouthed vial containing a stock lot of bed-bugs, including 
nine adults and approximately fifty larvae and nymphs, was first 
warmed next the skin to arouse in the insects a desire for food. The 
vial was then inverted directly on an infective monkey (M. rhesus 1). 
After a short period the insects were disturbed and the vial was 
immediately transferred to a normal animal (M. rhesus J). Both 
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I. 


Attempts at mechanical transmission of Yellow Fever with Aedes aegypti. 


June 26, October 2, and December 4, 1928. 


Interrupted feeding tests with mosquitos | Controls 
| 
Experi- Estimated 
ment Source ‘First Lot A. aegypti ‘Test Suscepti- |} Sub- Test No. 
No. | rhesus | fever No. completing rhesus | Results bility lot | rhesus | insects Result 
meal 
| 
105°6 78* 39 B | No Positive 7a SOB 10 Died of Yelloy 
2nd day reaction (see Fever 
days control) | 
| | | | 
| | 
II 138* 60+ D No of | 138a E 6 No reaction. 
3rd day | reaction Yellow | Susceptible 
21 days Fever i On retest. 
| | It Non-fatal 
| | | resisted 
| | 6 retest 
j | 
H 
| | 
III G | 160* 1004- H No Positive || 160a 14 Died of Yello 
3rd day | reaction (see Fever 


16 days control) 


* All original lots induced fatal yellow fever in subsequent monkeys (not listed) proving infectivity of source animals. 
__t M. rhesus F injected with saline emulsion of 6 insects 13 days after being bitten by 8 of same sub-lot. Developed 
suspicious fever and resisted retest with proved infective blood-virus. 


animals had been immobilized as in the preceding experiments. In 
this manner four exposures of the normal animal, involving seven 
interrupted feedings of the bed-bugs on both animals, were allowed 
before all had finally become satiated. MM. rhesus J remained 
normal and, after sixteen days, was tested for susceptibility. It 
developed a typical febrile course, beginning on the third day after 
injection of liver emulsion, known ‘to be infective, but it recovered. 
The data are presented in Table II. 

The control lot (165) of A. aegypti was allowed to feed on the 
source animal immediately after the bed-bugs had had their blood- 
meals ; a period of twenty-nine days transpired before this lot was 
tested for infectivity. The test animal, rhesus K, died after a 


typical course of yellow fever. 
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Taste II. 
Attempts at mechanical transmission of Yellow Fever with Cimex lectulartus. 


December 30, 1928. 


Interrupted feeding tests with bedbugs 


= | | 


Control with 4. aegyptt 


Experi- | | No. of | | 
ment Source First | No. ‘Test mechanical Results Suscepti- | Test Results 
No. rhesus fever | insects rhesus exposures bility No rhesus 
| | 
| 
| | | | 
IV I 1o4'7 | gadults J 4 | No | Fever: | 165 K Died of 
2nd day | 50 im- | reaction | recovered | | Yellow 
mature | | | | | | Fever 
| | 
DISCUSSION 


A batch of normal A. aegypti which is at least three days old 
and has been moisture-starved for about twenty-four hours, usually 
attacks a monkey with avidity within a few minutes of its insertion 
in the cage in which the mosquitos are confined. If weather 
conditions are good and the monkey is not too restive, the majority 
of the lot, if undisturbed, will have fed within the first ten minutes, 
and particularly during the second five minutes. The rapidity of 
withdrawal of blood depends upon the vascularity of the point of 
attack on the host. Those insects biting the arms and hands of an 
immobilized rhesus have in most instances been observed to become 
distended more quickly than those alighting on the shaven belly. 
Not infrequently the latter insects make several probes before a 
suitable vessel is tapped. 

It is unfortunate that the small control lot in Experiment II did 
not give definitely positive results. An accident caused a delay in 
the removal of these control insects until after many of the lot had 
finished feeding on the second animal. Later, the first monkey 
(rhesus E) fed on by this control sub-lot (138a) was by mistake tested 
for susceptibility only ten days after exposure to the insects. The 
temperature record of the second rhesus (I) used for testing the 
infectivity of this same control lot of mosquitos by exposure to their 
bites and also by the injection of the ground-up bodies of the survivors 
leaves it doubtful whether or not the animal was immunized _ or 
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originally insusceptible. But the fact that the original mosquitos 
(Lot 138) from which these controls had been removed, later pro- 
duced fatal disease in another monkey indicates that mechanical 
exposure occurred as definitely with the first test anima] (D) employed 
in Experiment II as in the other two experiments in which 4. aegypti 
were used. 

Additional tests with C. lectularius were not carried out, since no 
temperatures of 104° F. or over were ever registered by test rhesus J 
during thirty-six days of morning and afternoon observations 
previous to its use in this experiment. It is conceivable that slight 
protection had been afforded by the bites of the bed-bugs, since Davis 
and Shannon (1929) have considered ‘ subinfective doses of virus ’ 
to have been transmitted to M. rhesus by A. aegypti in their ex- 
periments ‘with or without a slight rise in temperature.’ (An 
adequate incubation period had elapsed before their insects bit the 
test-monkeys.) The pyrexial period following the test for sus- 
ceptibility of rhesus J was so marked (maximum 106-6° F.), however, 
and so typical of the courses in other definite infections with yellow 
fever followed by recovery that this explanation is hardly probable, 
especially as no immunizing effect was apparent in the preceding 
experiments with mosquitos. It may be mentioned that in further 
experiments with bed-bugs, after appropriate intervals to allow for 
incubation the susceptibility of two normal animals was not reduced 
as a result of either the bites of these insects or the injection of their 
ground-up bodies. Both of the animals died of yellow fever when 
tested for susceptibility. 

The possibility of the transfer of the virus of yellow fever on 
contaminated mouth-parts of insects during intermittent feeding 
thus appears to be remote. 

Another angle of the problem suggests itself, the possibility of 
infection through regurgitation during feeding. Although these 
experiments would seem also to eliminate this possibility of 
mechanical transfer of the virus, the controversial status of this 
question seems to require discussion in regard to the mosquitos. 

There is considerable divergence of opinion among investigators 
concerning the rdle played by the oesophageal diverticula in various 
species of mosquitos during the processes of ingestion and digestion 
of the blood-meal. Obviously, the chances for mechanical trans- 
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mission of yellow fever would be considerably enhanced were it true, 
as suggested by Schaudinn (1904) and others, that regurgitation 
from these crops takes place during the act of feeding, since blood 
has been found in these organs at such times by Nuttall and Shipley 
(1903), by Roy (1927), and by others. Roy found, in Anopheles 
subpictus and A. stephensi, that only the excess blood toward the end 
of the meal passed into the crops, whereas Nuttall and Shipley, 
experimenting with Culex pipiens, believed that these sacs acted as 
reservoirs during the ingestion of the meal. Falleroni’s (1926) studies 
led him to believe that no regurgitation takes place, although Roy 
has stated that the wheal produced in three individuals by injection 
of emulsions of salivary glands is smaller than the wheal produced 
after bites, or after injection of the contents of the diverticula. Roy 
drew no conclusions with regard to this observation, although he says 
that ‘absence of blood from the oesophagus led Christophers to 
suppose that regurgitation does not take place.’ 

It may be mentioned in support of the observations of several 
previous investigators that, during the act of feeding, experimental 
stock lots of A. aegypti, already containing some liquids such as 
sugar-solution, have been repeatedly observed to push the blood-meal 
on into the mid-intestine in varying amounts, depending on the 
relative development of the ovaries or the previous distention of the 
ventral crop in which the other fluids are stored. Moisture-fed 
females, when examined by transmitted light immediately after 
blood-meals, usually exhibit a sharp division between the blood- 
filled stomach and the clear liquid contents of the crop below and in 
front of the former. In several thousand females closely observed 
after feeding, the blood could never be definitely seen in the ventral 
crop, although partially developed ovaries might occasionally crowd 
the blood-filled stomach forward. 

Dissections were made of seven female A. aegypti immediately 
after completion of their blood-meal and of ten that were interrupted 
when about half engorged. Five of the latter were killed immediately 
and the rest ten minutes after the interruption of their meal. The 
diverticula of all contained gas bubbles. Microscopic examination 
revealed traces of blood corpuscles only in the ventral crops of three 
and in the dorsal crops of two of those that had completed their 
feeding and in the dorsal crop of one of those allowed to live ten 
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minutes after the interrupted feeding ; while the crops of all of those 
killed immediately after interruption contained blood in noticeable 
amounts, enough to give the crops a perceptible color under the low 
power of the binocular microscope. A small portion of the 
blood-meal, therefore, seems to pass through the diverticula during 
feeding, but is probably never detained there very long in A. aegypit. 
All of the seventeen insects dissected had emerged two days previously 
and had had no opportunity to imbibe liquids other than the water 
from which they had emerged, and that only at the time of emergence. 
The experiments (I to III) reported above support the opinion 
that regurgitation, if it occurs at all, does not effect mechanical 
transfer of the virus of yellow fever. 

It may be mentioned that the common monkey louse, Pedicinus 
sp., was found to be capable of producing infection, when saline 
emulsions of 100 or more were injected into normal M. rhesus 
immediately after removal of the insects from infected animals. 

Two deaths and one immunizing fever have been produced in 
normal monkeys in this way, preliminary to testing the possibilities of 
mechanical transfer of the virus by interrupted feedings of monkeys. 
Louse infections sufficiently heavy to permit the completion of these 
investigations were never again encountered nor could they be 
induced by close confinement of normal monkeys before the end of 
the writer’s tour in West Africa. It seems reasonable to assume 
that chances for infection through monkey lice are at a minimum, 
however, since no cross-infections that could be laid to this cause were 
observed during the experimental handling of considerable numbers 
of infested monkeys separated only by the sides of the cages. 

Minute amounts of unaltered blood could be distinctly seen in 
most of the lice injected in the experiments described above. 
Attempts to keep them away from the monkeys until this blood had 
thoroughly digested resulted in too rapid depletion of the stock for 
subsequent use. 


SUMMARY AND CONCLUSIONS 


A. aegyptt and C. lectularius were tested for the power to transmit 
yellow fever virus mechanically from infected to normal M. rhesus 
monkeys. Negative results were obtained in three experiments 
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in which from thirty-nine to at least one hundred mosquitos 
were used. The mosquitos were allowed partial feedings on 
experimentally infected animals during the initial fever, were 
interrupted in their meal, and were then allowed to complete engorge- 
ment on ‘normal susceptible monkeys. Two methods of 
interruption during blood-meals were employed. 

Nine adult bed-bugs and about fifty in the larval and nymphal 
stages also failed to infect a normal rhesus during seven alternate 
transfers between the normal monkey and an infected one during 
one feeding. 

The possibility of mechanical transfer of the virus by regurgitation 
during intermittent feeding of mosquitos, and of monkey lice 
(Pedicinus sp.) is discussed. 

On the basis of the experiments here reported, the conclusion 
is reached that the chances for aggravation of yellow fever epidemics 
by mechanical transfer of the virus by insects that feed inter- 
mittently appear to be remote. 
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RELATIVE STABILITIES OF CHLORINE 
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(Received for publication, 1 August, 1930) 


It has long been established that the infective phase of the 
human Schistosome parasites cannot survive for a longer period than 
48 hours unless they come in contact with the definite host. Although 
the larval stage of the worm is so short-lived, a large number of 
cercariae are produced by a single infected snail for some weeks, 
hence the importance of rendering the water supplies used for 
domestic purposes free from snails and cercariae. As the cercariae 
readily pass through the ordinary sand-filters some other method of 
rendering the water safe has to be devised if the supply is required 
for immediate use. 

Various chemical agents, particularly chlorine, have been 
suggested as an active agent for killing the cercariae, but it appears 
from the results of such experiments as have been published that 
no general agreement as to the exact concentration of the chlorine 
necessary for killing the cercariae has yet been established. 

In one publication emanating from the British War Office (1919) 
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it is stated that one part of available chlorine per million parts of 
water is effective in killing the cercariae. Manson-Bahr and Fairley 
(1920), in a series of experiments, found that cercariae of the human 
type were living and motile after 2} hours in water containing 4 parts 
per million of chlorine. They conclude that ‘ one part per million 
of chlorine is the maximum that can be added without making the 
water quite unpalatable. Therefore, unless much greater quantities 
be added and some method of dechlorination afterwards employed, 
this method of purification of water infected with bilharzial 
cercariae must prove both unsafe and unsatisfactory.’ 

Blackmore (1928) found that one part per million of chlorine 
kills the cercariae of the human type in less than 30 minutes. 

Owing to the great divergence in these observations and to 
the importance of this problem in a country where Schistosome 
infections are endemic, a series of experiments has been carried out 
on the effect of chlorine and chloramine on the cercariae of both 
varieties of the human Schistosome parasites. 


EXPERIMENTAL WORK 


Large numbers of Planorbis and Bullinus snails were examined 
and any of these which discharged cercariae resembling morpholo- 
gically those described as Schistosome cercariae were selected. 

The infected snails were thoroughly washed from any cercariae 
which might be adhering to their shells by placing them in funnels 
and washing them under running water for four to five minutes. 
They were then placed in fresh water and incubated at 37°C for 
twenty minutes then left at room temperature for another twenty 
minutes. It was hoped by this procedure that all the discharged 
cercariae would be quite fresh. 

The amounts of available Cl, in bleaching powder and chloramine 
were carefully standardized and adjusted immediately before adding 
the cercariae. The cercariae and the disinfectants were placed in 
small cups and observed under the low power of the microscope. 

An increase in the motility of the cercariae is observed following 
the immediate addition of the disinfectant; the motility then grad- 
ually ceases, the cercariae almost sink to the bottom of the cups, 


i 
| 
; 
| 
| 
* 


505 


nearly lying flat. In the higher dilutions the cercariae stay stationary 
in that position and the region of the anterior sucker undergoes con- 
vulsive movements alternately. This lasts for thirty or even 
forty-five minutes. 

Evidence of death is taken as the cessation of any movement 
whatever, when the cercariae is observed under the low power of 
the microscope. 


CHEMICAL INVESTIGATION 


As a preliminary investigation the relative stabilities of chlorine 
and chloramine were determined, the chlorine solution being prepared 
from bleaching powder, the chloramine solution in the apparatus 
supplied by Messrs. The United Water Softeners Ltd. in accordance 
with the printed instructions supplied with the apparatus, namely :— 

‘Unscrew cap of chlor-sparklet apparatus, fill to 50 c.cm. mark with water and 
dissolve Two of these tablets therein. ‘The ammonium solution resulting is to 
be mixed with the chlorine solution in the bottle thus forming active chloramine.’ 

The stability experiments were undertaken with distilled, tap 
and raw Nile water, adding various dilutions of chlorine and 
chloramine. Asarule, the initial dose added was I, 2, 3 and 4 parts 
per million. 

As will be observed from the tabulated results it was found 
that the chloramine decomposed much more rapidly than the 
chlorine from bleaching powder. At the same time, the biological 
experiments showed that the lethal effects of chloramine on the 
cercariae was less than that of chlorine. 

An interruption in the investigation occurred at this stage, but 
further determinations of the relative stabilities of chlorine 
and chloramine were made during August, September and October, 
1929. 

The later investigation confirmed the results of the preliminary 
tests? It had already been ascertained that when the chloramine 
solution was prepared according to the above mentioned method, 
between 30 and 40 per cent. of the available chlorine was immediately 
lost. 

To maintain a solution that was relatively stable during the period 
of treating different waters—approximately ten to fifteen minutes— 
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the water in the apparatus was cooled to about 5°C and after addition 
to the solution of the ammonium compound, the bottle was kept 
in iced water. 

In spite of this precaution the immediate loss of chlorine on 
mixing was never less than about 30 per cent. 

It can, therefore, be concluded that chloramine solution prepared 
according to the instructions supplied, was very unstable, and that 
it rapidly decomposed in either concentrated or weak solutions even 
in the absence of substances in solution or suspension which would 
tend to deviate the chlorine. 

Reference to the papers of Harold (1925-26) published in the 
Journal of the Royal Army Medical Corps, showed that poor 
concentrations of chloramine were obtained when the concentrations 
of chlorine and ammonia were high, and it was concluded that 25 
parts per million of chlorine was the optimum concentration for 
practical purposes. 

The yield of chloramine was then of the order of go per cent. 

As this concentration is of the same order as that obtained in the 
kettle when the chloramine is prepared according to the instructions 
originally issued by the British Army for preparation of chloramine 
in a water cart, the latter procedure was now followed, with the 
exception that the ammonium chloride supplied by United Water 
Softeners Ltd. was used instead of the ammonium bicarbonate 


recommended by Major Harold. 


The instructions just referred to were supplied with an earlier 
type of sparklet apparatus and are as follows :— 


WATER CART METHOD 


Mono-chloramine. Fill siphon to 1,250 c.cm. mark with water and discharge into 
it one chlorine bulb, sHakE weELL. The siphon will then contain on an average 
3 grammes of Cl, Fill up the kettle with water, crush a tablet of ammonium 
hydrogen carbonate, add it to the water in the kettle and stir well. 250 c.c. of 
the chlorine water is then added to the kettle (the cap of the siphon can be used 
to measure this), and the mixture is then well stirred. 


Mono-chloramine is produced at once, and the contents of the kettle are emptied 
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into the water cart (110 gallons) which now contains 0-6 gramme of Cl, (0°5 gramme= 
1 part per million in the cart). In this process there is no loss of available chlorine. 


Notr.—That the concentration of ammonia in the kettle is approximately 
10 parts per million, and the concentration of chlorine 20 parts per million, also that 
the ammonia and chlorine must be added in the order stated. 


It was concluded that in a large bulk of tap water containing 
bicarbonate the addition of ammonium chloride in equivalent 
molecular proportion instead of ammonium bicarbonate would make 
no perceptible difference and this supposition was justified by the 
results obtained. 

To a jar containing about 20 litres of tap water 0-78 gramme 
of ammonium chloride (equivalent to 10 parts per million NH,) in 
25 litres of water, was dissolved, and 250 c.cm. of chlorine water, 
prepared in the apparatus and adjusted to 2,000 parts per million, 
was added by pouring down a rapid stream of tap water into the jar 
and shutting off the tap when the level reached the 25 litres mark. 
Thorough mixing was ensured by further stirring. 

This solution contained 20 parts per million chloramine calculated 
in terms of the chlorine originally added. 

The previous experiments, both as regards relative stability 
of chlorine and chloramine and as regards their comparative effect 
on cercariae, were now repeated, the chloramine being prepared 
by the method just outlined. 

In the earlier series of experiments (Tables I-X) the available 
chlorine or chloramine was estimated colorimetrically by the 
O. Tolidine reagent. The estimation of residual chlorine presented 
difficulties in a turbid or coloured water, and therefore, in the 
examination of raw Nile water and water taken from the canal where 
the snails were found, the procedure adopted was to add a few 
crystals of potassium iodide to 355 c.cm. of the water, acidify with 
acetic acid, and titrate with N/1o0o thiosulphate using starch as 
indicator. Each c.cm. thiosulphate represents I part per million 
available chlorine. These figures were on some occasions checked 
side by side with the colorimetric method and were found to give 
results which agreed closely. 

As will be observed from the tables the results obtained when 
the chloramine was prepared by the “ water cart method ”’ were very 
different from those obtained in July when the chloramine was 
prepared in the syphon. 
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THE EFFECT OF CHLORINE ON THE CERCARIAE OF THE 
HUMAN TYPE 


The following experiments were carried out in July, 1929. In 
all of them cercariae of the mansoni type were used. 
ExprRIMENT [, 

Dilutions of the chlorine and the cercariae were carried out in tap water. 


Source of chlorine : Bleaching powder. 


Time of exposure : 15 minutes. 


Cl, concentration Result 
I in 1,000 us ... Died. 
I in 10,000 ... be ... Died. 
I in 100,000 = ... Died 
I in 1,000,000 ... Lived. 
I in 10,000,000... ... Lived. 
Control —... ... Living. 


EXxpeRIMENT II, 


Carried out exactly as above. 


Cl, concentration Result 
I in 1,000 ... ... Died. 
I in 10,000 ... Died. 
I in 100,000 a ... Died. 
I in 1,000,000 ... Lived. 
I in 10,000,000 __... ... Lived. 
Control... ... Living. 


III. 
Dilutions of the chlorine and the cercariae were carried out in tap water. 


Source of chlorine : Bleaching powder. 


Cl, concentration Result 
5 parts per million... ... Died in Io minutes. 
| 4 parts per million... ... Died in Io minutes. 
| 3 parts per million... —_.... Died in 10 minutes. 
2 parts per million... ... Died in 35 minutes. 
1 part per million... .... Died in 2} hours, 
Control _... ... After 2} hours, few dead, majority living. 


| 
| 


509 


ExpertMEnT IV. 


Carried out exactly as No. III. 


Cl, concentration Result 
5 parts per million... ... Died in 10 minutes. 
4 parts per million... ... Died in to minutes. 
3 parts per million... ... Died in to minutes. 
2 parts per million... ... Died in 30 minutes. 
1 part per million... .... Died in 22 hours. 
Control... ... After 22 hours, few dead, majority living. 


EXPERIMENT V. 
Chlorine water used. 


Dilutions of chlorine and cercariae were carried out in tap water. 


Cl, concentration Result 
5 parts per million... ... Died in Io minutes. 
4 parts per million... ... Died in 15 minutes. 
3 parts per million... ... Died in 25 minutes. 
2 parts per million... ... Died in 1 hour. 


. i ( After 7 hours in both the control and the 
1 part mi Cl, cup all the cercariae were dead, and 
| the majority disintegrated. 


Expertment VI, 


Carried out exactly as No. V. 


Cl, concentration Result 
5 parts per million... ... Died in 10 minutes. 
4 parts per million... ... Died in 10 minutes 
3 parts per million... ... Died in 20 minutes. 
2 parts per million... ... Died in 50 minutes. 
I part per million ... ... Not dead in 2 hours. 
Control _... ... In 2 hours one or two cercariae were dead, 


rest living. 


ExperiMENT VII. 


Chloramine was used in this experiment, and the dilutions were carried out in 
tap water. 


Chloramine concentration Result 
6 parts per million... ... Died in 20 minutes. 
5 parts per million... —_.... Died in 25 minutes. 
4 parts per million... —_... Died in 50 minutes. 
3 parts per million... ... Died in 14 hours. 
2 parts per million... ... Died in 2} hours. 
1 part per million... —_.... Not dead in 3 hours. 
Control... ... After 34 hours the cercariae in both the 


control and the chloramine were all 
dead, except one in each. 
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Expertment VIII. 
This experiment was carried out exactly as No. VIL, 
Chloramine concentration Result 


. Died in 20 minutes. 
. Died in 30 minutes. 
. Died in 1 hour. 

. Died in 1} hours. 


6 parts per million... 
5 parts per million... 
4 parts per million... 
3 parts per million... 
2 parts per million... . Died in 2} hours. 

1 part per million ... . Was not dead in 34 hours. 

Control... ... The control contained only three living 
cercariae and the, chloramine two, the 
rest in the control and the chloramine 
were all dead. 


IX, 
Dilutions were carried out in raw Nile water. 
Source of chlorine : Bleaching powdcr. 


concentration Result 
Died in 10 minutes. 
Died in 15 minutes. 
Died in 30 minutes. 
Died in 1 hour. 


After 3} hours, two or three cercariac 
were living in both the control and 
the C/,, the rest were dead. 


6 parts per million... 
§ parts per million... 
4 parts per million... 
3 parts per million... 


2 parts per million... 
I part per million ... 


EXPERIMENT X. 
Dilutions were carried out in raw Nile water. 
Chloramine was used. 


Chloramine concentration Result 


6 parts per million... 
5 parts per million.. 
4 parts per million... 
3 parts per million... 


2 parts per million... 
I part per million .. 


Dicd in 20 minutes. 
Died in 30 minutes. 
Died in 30 minutes. 
Died in 1 hour. 


Not dead in 3} hours. Both the control 
and the one with the chloramine 
contained very few living cercariae, 
the rest were dead. 
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The following table (A) shows the results of the previous 


experiments — 
Table A. 


Minimum Lethal Dose. 


‘Time of contact 


‘Type ot; 
cercarlae | 15 minutes | 4 hour 1 hour 2 hours 24 hours 
| NH, cl | B.P. NH, cl | B.P. | NH, cl | B.P. NH,cl | B.P. | NHacl | B.P. 
| 
M 6 4 5 3 4 | 2 3 | I 
. | | | | | | 
water | | 
M. 6 | 3 5 2 4 2 | 3 2 | 2 2 
| 
Raw 
Nile M. 6 4 | 30 | 3 3 3 3 
water | | } 


N.B.—All the numbers refer to parts per million. M. = mansoni. 


The following experiments were carried out in October 
and November, 1929, using both mansoni and haematobium 
cercariae. 

The chloramine was prepared by the Chemical Section of the 
Public Health Laboratories according to the ‘ Water cart method.’ 


RESULTS 
THE EFFECT OF CHLORINE AND CHLORAMINE ON THE CERCARIAE 


ExperIMeEnT I. 
Type of cercariac : haematobium. 
Dilutions carried out in tap water. 


Result 


Chloramine concentration 


2 parts per million... ya 


1 part per million ... 
o-g part per million 
part per million 
o-7 part per million 
0-6 part per million 
o*5 part per million 
O-4 part per million 
part per million 
0-2 part per million 
Control... 


Died in 1§ minutes. 
Died in 30 minutes. 
Died in 45 minutes. 
Died in 45 minutes. 
Died in 1 hour 
Died in 13 hours. 
Died in 23 hours. 


ney After 33 hours few cercariae dead, 


majority living. 


After 3} hours one cercariae dead, rest 


living. 
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Experiment LI. 


Type of cercariae : mansoni. 
Dilutions carried out in tap water. 
Chloramine concentration 
2 parts per million... 
I part per million ... 
o-g part per million 
o°8 part per million 
o°7 part per million 
o°6 part per million 


part per million 


part per million 

0°3 part per million 

0-2 part per million 
Control 


ExperiMeEnT III, 


Type of cercariae : haematobium. 
Dilutions carried out in tap water. 
Chloramine concentration 


2 parts per million... 
1 part per million ... 
org part per million 
part per million 
o*7 part per million 
part per million 
o*5 part per million 
O-4 part per million 
0*3 part per million 
part per million 
Control 


ExperIMENT IV. 


Type of cercariae : mansont. 
Dilutions carried out in tap water. 
Chloramine concentration 
2 parts per million... 
I part per million ... 
0-9 part per million 
o°8 part per million 
0-7 part per million 
0-6 part per million 
o*5 part per million 
O-4 part per million 
0°3 part per million 
0-2 part per million 
Control 
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Result 
Died in 15 minutes. 
Died in 30 minutes. 
Died in 45 minutes. 
Died in 1} hours. 
Died in 23 hours. 


| After 3} hours few cercariae dead, 


majority living. 


After 3} hours few cercariae dead, 
majority living. 


Result 
Died in 15 minutes. 
Died in 1 hour. 
Died in 24 hours. 


"| After 34 hours few cercariae dead, 


majority living. 


After 34 hours two cercariae dead, rest 
living. 


Result 
Died in 15 minutes. 
Died in 45 minutes. 
Died in 2} hours. 


Few cercariae were dead in 3} hours, 
majority living. 


After 3} hours few cercariae were dead, 
majority living. 
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EXPERIMENT V. 
Type of cercariae : mansoni. 
Dilutions carried out in raw Nile water. 


Chloramine concentration Result 
3 parts per million... .... Died in 15 minutes. 
2 parts per million... ... Died in 45 minutes 
I part per million... —.... Died in 2 hours, 
og part per million 
part per million 
0-7 part per million si 
o°6 part per million ...f After 4 hours few cercariae dead, 
o*5 part per million ‘i majority living. 
0-4 part per million va 
0*3 part per million wil 

Control... .... After 4 hours all cercariae living. 


ExperIMENT V1. 
Type of cercariae : haematobium. 
Dilutions carried out in raw Nile water. 


Chloramine concentration Result 
3 parts per million... .... Died in 1 hour. 
2 parts per million... _ 
I part per million... —... 
og part per million sie 
08 part per million ...| After 34 hours few cercariae dead, 
07 part per million ...f majority living. 
0°6 part per million 
part per million 
0-4 part per million 
0*3 part per million wail 

Control... ... After 3} hours few cercariae dead, 


majority living. 


ExperiMENT VII. 
Type of cercariae : haematobivm. 
Dilutions carried out in raw Nile water. 
Chloramine concentration Result 


3 parts per million... .... Died in 15 minutes. 
2 parts per million... .... Died in 30 minutes. 
I part per million ... ... Died in 1} hours. 


09 part per million ... Died in 2} hours. 
part per million 
part per million 
o°6 part per million al After 4 hours few cercariae dead, 
part per million majority living. 
0-4 part per million ss 
0*3 part per million 
Control ... ... After 4 hours one cercariae dead, 


rest living. 
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Source of chlorine: Bleaching powder. 
Type of cercariae : haematobium. 


Dilutions carried out in tap water. 


Cl, concentration Result. 
5 parts per million... .... Died in 15 minutes. 
4 parts per million... ... Died in 15 minutes. 
3 parts per million... .... Died in 30 minutes. 
2 parts per million... ... Died in 45 minutes. 
I part per million ... ... Died in 2? hours, 
Control _... ... After 2% hours all the cercariae were 
living. 


EXPERIMENT II. 


Source of chlorine: Bleaching powder. 
Type of cercariae : haematobium. 


Dilutions carried out in tap water. 


Cl, concentration Result 
§ parts per million... ... Died in 1§ minutes. 
4 parts per million... ... Died in 15 minutes. 
3 parts per million... .... Died in 30 minutes. 
2 parts per million... ... Died in 1 hour. 
I part per million... Died in 2} hours. 
Control ... ... After 2} hours all cercariae living. 


Experiment III. 


Source of chlorine: Bleaching powder. 


Type of cercariae haematobium. 


| Dilutions carried out in tap water. 


Cl, concentration Result 
§ parts per million... ... Died in 1§ minutes. 
4 parts per million... ... Died in 1§ minutes. 
3 parts per million... ... Died in 30 minutes 
2 parts per million.... .... Died in 1 hour. 
I part per million... .... Died in 2} hours. 
Control... ... After 2} hours one cercariae dead, rest 


living. 
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Source of chlorine: Bleaching powder. 


Type of cercariae : haematobium. 


Dilutions carried out in raw Nile water. 


Cl, concentration 


§ parts per million... 
4 parts per million... 
3 parts per million... 
2 parts per million... 
I part per million ... 

Control... 


Result 


Died in 1§ minutes. 
Died in 30 minutes. 
Died in 1 hour. 


After 34 hours few cercariae were dead, 


majority living. 


After 34 hours all cercariae were living. 


EXPERIMENT V. 


Source of chlorine: Bleaching powder. 


Type of cercariae : haematobium. 


Dilutions carried out in raw Nile water. 


Cl, concentration 


5 parts per million... 
4 parts per million... 
3 parts per million... 
2 parts per million... 
I part per million ... 

Control... 


Result 


Died in 15 minutes. 
Died in 30 minutes. 
Died in 1 hour. 


After 34 hours few cercariae were dead, 


majority living. 


After 3} hours few cercariae were dead, 


majority living. 


ExperiMenT VI. 


Source of chlorine: Bleaching powder. 


Type of cercariae : haematobium. 


Dilutions carried out in raw Nile 


Cl, concentration 


§ parts per million... 
4 parts per million... 
3 parts per million... 
2 parts per million... 
I part per million ... 

Control... 


water, 


Result 


Died in 15 minutes. 
Died in 30 minutes. 
Died in 1 hour. 


After 34 hours few cercariae were dead, 


majority living. 


After 3} hours all cercariae were living. 
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ExpERIMENT I. 


Source of chlorine : Bleaching powder. 
Type of cercariae : mansoni. 


Dilutions carried out in tap water. 


Cl, concentration Result 


5 parts per million... ... Died in 15 minutes. 

4 parts per million... .... Died in 15 minutes. 

3 parts per million... .... Died in 45 minutes. 

2 parts per million... .... Died in 1 hour. 

I part per million ... ... In 24 hours few cercariae living, majority 
dead, after 7 hours few cercariae living, 
majority dead, and disintegrated. 

Control ....... After 7 hours majority living. 


ExperIMENT II, 


Source of chlorine: Bleaching powder. 
Type of cercariae : mansoni. 


Dilutions carried out in raw Nile water. 


Cl, concentration Result 
5 parts per million... ... Diedin 15 minutes. 
4 parts per million... .... Died in 30 minutes. 
3 parts per million... .... Died in 1 hour. 
2 parts per million... ...) After 34 hours few cercariae were living, 
I part per million ... “| majority dead. 

Control... ... In 34 hours few cercariae dead, majority 
living. 


III. 


Source of chlorine: Bleaching powder. 
Type of cercariae : mansoni. 


Dilutions carried out in tap water. 


Cl, concentration Result 


§ parts per million... ... Died in 1§ minutes. 

4 parts per million...  .... Died in 15 minutes. 

3 parts per million... ... Died in 45 minutes. 

2 parts per million... |... Died in 1 hour. 

1 part per million... .... ~Died in 2} hours. 
Control __... ... After 2} hours all living. 
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The following Table B shows the results of the previous experiments. 


Tasie B. 


Minimum Lethal Dose. 


Time of contact 
Type 
of 
cercariae 15 minutes $4 hour 1 hour 2 hours | 24 hours 
NH, cl.| B.P. | NH, cl | B.P. | NH,cl| B.P. | NH.cl| BP. | NH, cl | B.P. 
M. 2 3 I 2 2 2 o-7 2 
M. 2 4 2 | 3 1 ; 2 I 2 o9 1 
Tap | | | 
water | 
HI. 2 4 | o7 | 2 ob 2 2 
| | 
| | | 
IL. 2 4 2 | 3 I | 2 1 | 2 o9 I 
| | | 
M. 3 5 3 4 2 3 I | 3 I 3 
Raw 
Nile 
water H. 3 5 2 | 4 2 3 I 3 o9 3 
| 
H. ° 5 ° 4 3 3 3 3 3 3 
— 
N.B.—AIl the numbers refer to parts per million. M. =Mansoni H. =Haematobium. 
Taste I. 
Bleaching Powder in tap water. 
Time of contact 
calculated 
as chlorine % hour 1 hour 14 hours 
in parts | 
per million ~ Decom- | Decom- | | Decom- 
Residual Absorbed posed Residual Absorbed posed Residual Absorbed posed 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine chlorine chlorine 
I | ol 0°55 0°3 | 0°35 Or1§ 
3 (2°5) (0*3) 2000s o2 | re) | 
4 3°0 o8 2°8 1*0 2°6 | 
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Tasre II. 


Chloramine in tap water. 


Time of contact Initial 
calculated calculated 
as chlorine $ hour 1 hour 1% hours as chlorine 
in parts | a in yarts 
per million Decom- Decom- Decom- per Pion 
Residual | Absorbed posed Residual | Absorbed | posed Residual | Absorbed | _ posed 
chlorine | chlorine chlorine chlorine | chlorine | chlorine chlorine | chlorine | chlorine a= 
| | 
| | “we 
| | | 4 
III. 
Bleaching powder and chloramine in unfiltered Nile water. 
Dose 
(calculated 2 6 
as chlorine) parts per million parts per million parts per million 
Time Bleach Chloramine Bleach Chloramine Bleach Chloramine 
Less than 
$ hour Trace Nil Present Big trace Present 4 P.P.M. 
Bleach 
Less than 
1 hour Small trace Nil Present Trace Present 4 P.P.M. 
Bleach 
| 
Less than 
14 hours Nil Nil Present Small trace Present 4 P.P.M. 
Bleach 


Owing to the turbidity of the water, the residual chlorine could only be roughly judged. 
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Taste IV. 


Bleaching powder in tap water. 


Initial 


Time of contact 


dose 
calculated $ hour 1 hour 14 hours 2 hours 
as chlorine — 
in parts Decom- Decom- Decom- | Decom- 
pe million Residual | Absorbed} posed | Residual | Absorbed! posed —— Residual | Absorbed} posed | Residual | Absorbed | posed 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine chlorine | chlorine | chlorine | chlorine chlorine | chlorine 
| 
3 2*2 o8 | 0%3 1°8 03 
| 
4 3°2 fe) 3°2 o8 | 3°0 2°8 Or2 
Taste V. 
Chloramine in tap water. 
Time of contact 
calculated 
as chlorine $ hour 1 hour 14 hours 
in parts 
per million ~ Decom- Decom- Decom- 
Residual | Absorbed | posed Residual | Absorbed posed Residual | Absorbed posed 
chlorine | chlorine chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine 
| | 
I | Or4 ° 0-6 0%3 0°05 | 0°65 
| 
| 
2 | ol | 1-2 o-2 
| | 
3 | Ol O75 | O25 2°0 
4 | 12 o2 2°6 2°6 og | 
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Tasre VI. 


Bleaching powder and Chloramine in unfiltered Nile water. 


Dose calculated as chlorine. 


parts per million 


parts per million 


parts per million 


parts per million 


/ 
parts per million 


| | 
Bleach | Chloramine | Bleach Chloramine | Bleach | Chloramine Bleach | Chloramine | Bleach | Chloramin, 
| 
| O.Tolidine grey | grey violet — grey brown | grey brown yellow | brown yellow | brown 
| | grey brown brown | 
| 
Starch pale grey blue green blue blue green deep deeper intense blue 
iodide green green blue 
_O.Tolidine | grey grey grey | grey violet | grey | brown | brown grey | brown | brown grey 
| | grey 
hour 
| Starch Nil grey green | pale green blue blue green deep dark blue intense blue 
_ iodide | green _ blue green blue 
| | 
| O.Tolidine | grey grey grey grey grey grey violet | grey brown | brown | grey brows 
grey grey | 
14 hours 
| Starch Nil greenish Nil blue green | green | pale blue blue blue strong — stronger 
iodide blue blue 
| | 
3 hours | Starch Nil grey Nil | green Nil green | grey blue blue blue 
| iodide blue | 
| 


The above colours were given in addition to O 


chlorine. 


A blank test on raw Nile water gave a grey colour. 


. Tolidine reagent which gives an orange yellow colour with solution containing 


A brown or yellow brown was regarded as visible evidence of the presence of free chlorine but solutions which were blue grey and 
violet grey on addition of this reagent gave positive starch-iodide reactions for chlorine. 
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Taste VII. 


Chloramine. 


Time of contact 
Initial dose 
calculated as 
Chlorine in 4 hour 1 hour 2 hours 
parts per million 
Residual | Absorbed | Residual | Absorbed | Residual | Absorbed 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine 
Distilled water Org 0.6 
Nil Nil 
I 
‘Tap water O°5 0.6 0°35 
Nil 
Distilled water o8 1:2 1.4 
V. pale blue pale blue 
2 
Tap water 0°55 1.5 
trace 
Distilled water 1°8 2°2 rr 2.9 
blue deep blue 
4 
Tap water 2.8 370 
green pale 
Distilled water 2°5 3°5 4-4 1°6 
deep blue deep blue 
6 
Tap water 16 4-4 
green blue 


N.B.—None of these results, using O. Tolidine is exact as the colour was always green. The blue 
colour refers to the use of starch iodide indicator. 
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Tasre VIII. 


Chlorine (from chlorine bulb) in tap water. 


Time of contact 


Initial dose 
calculated as $ hour 1 hour 2 hours 
chlorine in 
parts per ' Absorbed Absorbed | Absorbed 
million Residual and Residual and Residual | and 
chlorine decomposed chlorine decomposed | chlorine decomposed 
chlorine | chlorine ' chlorine 
| | 
| 
| 0°50 | 0°55 Orgs 
| | 
| | 
4 36 | 08 3°2 o8 
| | 
6 4°75 1°25 | 5°0 ie) 4°0 2°0 
IX. 
Chloramine solution in tap water. 
Time of contact 
4 hour 1 hour | 14 hours 2 hours 
Decom- Decom- | Decom- Decom- 
Residual | Absorbed} posed | Residual | Absorbed} posed | Residual | Absorbed) posed | Residual | Absorbed} posed 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine 
0°35 Or2 0°3 0°25 0°45 0°35 
| | | 
| | | 
or o8 06 | og 10 | 
| | | | 
20 o8 | | | 1:8 | 2:0 


Initial do 
calculated 
chlorine 1 
parts pel 
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TABLE X. 


Chloramine and Bleaching powder in raw Nile water. 


Time of contact 


$ hour 1 hour 2 hours 
Initial dose 
calculated as Bleaching | Bleaching : Bleaching 
chlorine in Chloramine Powder Chloramine Powder Chloramine Powder 
million Residual | Absorbed; Residual | Absorbed} Residual Absorbed) Residual | Absorbed Residual Absorbed’ Residual Absorbed 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine chlorine chlorine — chlorine 
ol 06 | os 2 3 7 
1-7 0°3 1°6 | o8 1-6 ob 
| 
4 3°4 06 | 24 16 3°4 3°05 0°95 21 
Tasie XI. 


Chloramine and Bleaching Powder in canal water. 


Time of contact 
Initial dose | 4 hour 2 hours 
calculated as 
parte per Chloramine Bleaching Chloramine Bleaching 
million Powder Powder 
Residual | Absorbed} Residual | Absorbed! Residual | Residual | 
chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine | chlorine 
0°25 0°25 ° | | | ro) 
I 0°35 0°65 0°65 0°35 | Or4 
2 18 0°65 1°35 | 0°45 1°55 
4 ° ° 2°9 ° | 33 
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Tasie XII. 


Chloramine in Tap Water. 


Chloramine prepared according to typed instructions for water cart except that ammonium 
chloride 0.78 gramme (equivalent to to parts per million of ammonia when added to 25 litres of 
tap water) was used. 


Initial dose Time of contact 
calculated as 
originally 4 hour 14 hours | 2% hours 
added 
million) Residual Absorbed Residual Absorbed Residual | Absorbed 
chlorine chlorine chlorine chlorine | chlorine | chlorine 
| | 
| 
| 
2 orl orl 1°8 or2 
| 
3 2°8 or2 | 2°8 2-7 03 
4 3°8 3°38 Or2 3°6 | 
CONCLUSIONS 


1. Both S.mansoniand S. haematobium cercariae are susceptible 
to the action of chlorine and chloramine. 

2. One part per million available chlorine will kill the cercariae 
in two and a half to three hours in filtered water. 

3. Chloramine, when prepared in the apparatus supplied by 
Messrs. United Water Softeners Ltd., and in accordance with the 
printed instructions which they supply, is less effective than chlorine 
in killing the cercariae. 

4. Chloramine when prepared according to the ‘ Water cart 
method’”’ (Tables X—XII chemical) is more effective in killing the 
cercariae than bleaching powder. One part per million will kill the 
cercariae in one hour in filtered water. 

5. Chloramine prepared by admixture of the ammonium 
compound and the chlorine solution in syphon was found to be far 
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less stable than chlorine prepared from bleaching powder or from 
chlorine bulb (Tables I-IX), whereas with chloramine prepared by 
the method used in the later experiments (Tables X—XII) the reverse 
is the case. The stability of chloramine was demonstrated par- 
ticularly in its resistance to absorption by matter in suspension 
and solution. Absorption by tap water is only slight but is higher 
in both raw Nile water and canal water. 

The absorption increases with the dose and also with the time 
of contact. The amount remaining after two hours contact is roughly 
three-quarters of the dose in raw Nile water and rather less in canal 
water. The amount of residual chlorine when bleaching powder is used 
is distinctly less, 1.e., about half the dose in raw Nile water and still 
less in canal water after two hours contact. 

6. Inquiries from different water-works around Cairo shows 
that the average time between the discharge of the water from 
the filters till it is received by the consumer in Cairo water-works 
is one hour, in Maladi one or two hours and in Giza two and a half 
hours. Therefore, chloramine can be used in the concentration 
of one part per million with practical safety for Bilharziasis. 
If the bleaching powder is employed in the concentration of one 
part per million some way of storing the water for about four hours 
has to be used before it is delivered to the consumer. This end 
may also be achieved by employing about three parts per million 
of chlorine from bleaching powder with subsequent dechlorination 
after one hour. 


N.B.—Except in the case of Table XII the chloramine 
was prepared in the syphon supplied by the “ United Water 
Softeners Ltd.” 

In Tables X, XI and XII the chloramine was prepared in a 
dilute solution. 
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I. INTRODUCTION 
(2) GEOGRAPHICAL. 


Palestine, characterised by diversity of climate and of physical 
features, is, according to the description of Buxton (1924), ‘ pushed 
out into the desert as if it were an outpost of Europe and Western 
Asia.’ Bounded on the north by French Mandated Syria, and on 
the west by the Mediterranean Sea, it is separated on the south from 
Egypt and Hejaz territory by a line running from Rafa on the 
Mediterranean to Taba at the head of the Gulf of Akaba and then 
north-east, while its eastern boundary, following approximately 
the River Jordan and its lakes, marches with the Emirate of 
Transjordan. A country with such geographical connections and 
its consequent exposure on all frontiers to invasion by infectious 
disease is obviously more than ordinarily liable to become the seat 
of epidemic outbreaks, especially in view of its unique position on the 
great pilgrim routes. 


(6) HISTORICAL. 


It is difficult to hazard opinion as to when variola made its 
first appearance in this part of the world. The Hebrew terms 
employed in the Old Testament, for example, to denote great 
epidemics of pestilence, sudden in onset and fatal in effect, are of so 
indefinite and of so general a character that they might apply 
equally to cholera, plague or smallpox. The plague of boils, shehin 
(Exodus ix, 8-12), the disease by which the enemies of Jerusalem 
were to be destroyed (Zachariah xiv, 12) and the malady with 
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which Job was smitten ‘from the sole of his foot unto his crown’ 
(Job ii, 7) have been identified, however, with true smallpox by many 
authorities. 

Thus, regarding the plague of boils, Macalister considers it to have 
been smallpox, ‘ the blains, being explained by Talmudic writers as 
pustules, and an epidemic accompanied by boils and pustules being 
probably smallpox’ (Masterman, 1925). Certainly the first author 
to deal with the subject was Aliibn Rabban of Tabaristan, the Persian 
province south of the Caspian Sea; in A.D. 850 he completed his 
Firdawsu’l-Hikmah, the ‘ Paradise of Wisdom,’ which, in Part IV, 
Discourse 10, contains a chapter on smallpox ; he was, moreover, 
one of the teachers of Abu Bakr Muhammad ibn Zakariyya of Ray, 
better known by the name Rhazes given to him by mediaeval 
Latinists. Undoubtedly the most distinguished of Moslem 
physicians, he was a prolific author, numbering among his works 
the first treatise on smallpox, written about A.D. goo, from his 
experience of the disease at Teheran, Persia, and at Baghdad. 
According to Browne (1921), one of the earliest books printed in 
Persia with movable types was a treatise on inoculation for smallpox, 
published in 1825 at Tabriz. 


(c) INCIDENCE. 


(1) Pre-war occurrence. 

Precise information as to degree of incidence is unfortunately 
lacking. Smallpox is classified, however, as one of the common 
diseases of Palestine and Syria by Masterman (1925), who states 
that ‘ when it sweeps through the land it has a very high mortality.’ 


(2) Post-war occurrence. 


In 1921, two fatal cases were reported ; one was an unvaccinated 
child recently arrived at Ramleh from Beirut, Syria, where smallpox 
was prevalent, the other an adult at Dawaimeh, a village four hours’ 
ride from Hebron. The latter was proved to be the result of contact 
with travellers from Transjordan, where the disease had assumed 
epidemic form and was probably not unconnected with the Moslem 
pilgrimage, ambulant cases having been observed at Mecca. 

During 1922, smallpox appeared on two occasions. In Dawaimeh 
spread of infection was largely due to the inoculation by a villager 
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of over 300 children from the original case. Of the number 
variolated, 120 children developed the disease and ro died, or 8-3 
per cent. ; of the 37 cases of true smallpox, which occurred among 
contacts of the initial case or of the inoculated children, 6 died, or 
16-2 per cent. This outbreak, then, resulted in 158 cases with 
16 deaths. Two cases were later notified in Jerusalem, one month 
after the cessation of the Dawaimeh epidemic, but apparently 
unconnected with it. 

In 1923 a child succumbed to the disease shortly after its arrival 
in Tiberias ; infection in this instance was traced to Aleppo, where 
smallpox was then epidemic and where the family en route from 
Anatolia to Palestine had lodged several days. From this case 
seven others developed variola in virulent form and five died in all. 
Later in the year there was reported from Mejdal a single case, from 
which no secondary infections arose. 

During the first two months of 1924, four cases occurred in the 
Jaffa District, the source of infection being a Yemenite Jew who, 
while in the incubation period of the disease, had entered the country 
by rail from Egypt. As this immigrant delayed seeking medical 
advice until the twelfth day of illness and as the 13 direct and 109 
indirect contacts had meanwhile dispersed throughout the several 
colonies and settlements in the district, everything apparently 
favoured a considerable spread of the disease. The measures taken, 
however, resulted in but two of the direct contacts and one of the 
indirect developing smallpox. There was one death. 

The prevalence of smallpox in Syria during spring and summer 
led to further outbreaks in Palestine during May and June. In 
May, two cases, one fatal, among the children of a labourer recently 
returned from Syria, occurred at Samakh, a village near the eastern 
boundary of Palestine and situated on one of the routes of entry. 
In June cases were reported from Gorabeh, a Bedouin encamp- 
ment east of Lake Huleh, within a mile of the Syrian frontier. 

Here the initial case was a Bedouin child who, after having been 
inoculated from a case of smallpox in a neighbouring Syrian village, 
returned to Gorabeh with the disease well advanced. From this case 
variolation was performed by the tribal medicine-men on a number 
of other children, seventeen ultimately showing symptoms of this 
artificially transmitted infection ; there were, however, no fatalities. 
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During 1925 there was no case of smallpox in Palestine, and 
this in spite of high incidence in Egypt and Syria. 

In 1926 three cases of smallpox occurred, but there was no 
extension of the disease. Two cases in the Hebron District showed 
the source of infection to have been Amman, Transjordan; the 
origin of the case at Tiberias remained obscure but was probably 
Syria. 

During 1927 only one case of the disease occurred, although 
smallpox was prevalent in Egypt and Iraq and epidemic in Syria. 
Infection had been contracted in Damascus where smallpox was 
rife. Patient arrived in Palestine on November 20, and was 
recognised in Jerusalem as suffering from smallpox only on 
December 3, some three days after the first appearance of the eruption 
and five days after his reaching the town. His being a pick-pocket 
rendered his movements and contacts impossible to trace, but the 
energetic measures taken prevented any further spread of the 
disease. 

During the years 1928, 1929 and 1930, Palestine has been free 
from smallpox. 


The following Table summarizes the foregoing :— 


Year No. of cases No. of deaths Origin of infection 

1g21 2 2 Syria, Transjordan. 

1922 | 159 | 16 Transjordan, Variolation. 

1923 | 9 | 5 Syria. 

1924 23 | 2 Egypt, Syria, Variolation. 

1925 | | ° 

1926 3 | Transjordan. 

1927 I | I Syria. 

1928 ° | 

1929 | ° 

‘Total for 10 years”... 197 26 
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Analysis of these figures shows 60 cases of true smallpox (variola 
vera) and 137 cases of inoculated smallpox (variola inoculata) to 
have occurred in Palestine during the past decennium. It is of 
interest to observe how widely the death rates differed in the two 
forms of the disease; thus the percentage mortality in variola 
vera was 26-6, in variola inoculata 7-3. 


II. ANTIVARIOLOUS MEASURES 


(a) UNDER THE TURKISH RULE. 

In a historical note on pre-war conditions in Palestine the 
Director of Health in his Annual Report for 1921 states that there 
were ‘ few relics to be found of any pre-existing Government Health 
Service, and the testimony of pre-war residents confirmed the 
absence of any such organisation.’ Masterman (1925) in an endorse- 
ment of these views draws attention to the fact that vaccination 
was but half-heartedly carried out even in the large towns and 
scarcely at all in the villages, while inoculation was still resorted 
to from time to time with disastrous results. The Turks, it is 
true, employed public vaccinators, but the estimate of medical 
men in practice here before the war that not more than I0 per 
cent. of the population were vaccinated proves how spasmodic 
and unavailing their prophylactic efforts must have been. Little 
wonder that Macalister (1925), referring to the then condition of 
Palestine, gave it as his opinion that ‘ the Holy Land is still, as it was 
in the Biblical period, a hot-bed of many diseases, which have lost 
none of their virulence during the post-Biblical centuries of misrule.’ 
However, ‘ there is no reason to doubt’ he continues ‘ that given 
the enactment and enforcement of modern hygienic regulations, 
it might become one of the healthiest countries in the Eastern 
Mediterranean area.’ In so far as freedom from smallpox is 
concerned, at least, that end has been already achieved. 


(6) UNDER BRITISH ADMINISTRATION. 

General procedure governing the control of communicable 
disease is, for all practical purposes, the same in Palestine as in 
England. Compulsory notification, under penalty, is secured by 
Ordinance, the duty devolving variously on medical attendant, 
on patient if adult, on head of house in which affected person is 
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resident, on ‘ mukhtar’ (elected head) of village or quarter, ‘ forth- 
with on becoming aware.’ Procedure is facilitated by the issue 
of notification books to doctors, hospitals and ‘ mukhtars.’ On receipt 
of notification domiciliary visits are paid and the necessary measures 
taken by the epidemic officers of the Department of Health. With 
regard to smallpox, special regulations issued by the Department 
detail instructions as to disposal of case—always to isolation or 
temporary hospital, disinfection of premises and clothing of patient, 
disinfection of persons and clothing of contacts, observation of 
contacts for 15 days, isolation of contacts when considered necessary, 
full investigation into outbreak with special regard to movements 
of patient for the previous 15 days. Should a case of smallpox 
occur, vaccination is energetically carried out on all immediate 
contacts and on all children in homes and schools nearby whether 
previously vaccinated or not ; should there be more than one case 
of the disease, vaccination is made to include all persons in the district 
affected. Fortunately in Palestine the legal enactments in regard 
to vaccination are ample. Thus, special powers are given to each 
District Commissioner, who may, by Public Notice, order all persons 
residing in his district or any part thereof to be vaccinated within 
a specified time, under penalty, unless such persons can produce 
to the Public Health Authorities proof of recent satisfactory 
vaccination. Further, vaccination of children is compulsory. 
Every child must be vaccinated within three months of birth unless 
its state of health demands temporary postponement. Control over 
such vaccination is exercised by means of the Birth Registers kept 
in each District Health Office, and proof of adequacy is afforded 
by the rarity of an unvaccinated child entering school to-day. 

Additional routine measures include the vaccination of all 
immigrants arriving by the ports and of all Moslems making the 
annual pilgrimage to Mecca. 

Fortunately for Palestine no recourse has yet been required 
to methods of persuasion and appeals to reason in favour of 
vaccination. The argumentative anti-vaccinator with his ill-advised 
propaganda finds no place in this country nor does the parent 
professing conscientious scruples with a view to his child’s exemption. 
The generality of Palestinians still remember smallpox as Englishmen 
knew it in pre-Jennerian days and fully realise the value of 
vaccination as prophylactic and sure shield. 
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III. MODERN MEASURES IN APPLICATION 


The comparative completeness of the measures of vaccination 
in force since 1918 has resulted in a country peculiarly well protected 
against smallpox. The estimated population of Palestine resident 
in towns and villages is about 800,000, and, according to the 1922 
census, Bedu tribes augment this figure by 100,000. During the 
period 1921-1929 there were performed 862,705 vaccinations, of 
which number 613,251 were primary. Intensive vaccination of 
affected areas and the enforcement of stringent epidemic measures 
have in each outbreak been successful in preventing any considerable 
extension of the disease. Moreover the Dawaimeh epidemic of 1922, 
in which the principal cause of spread was the variolation of some 
300 children, provided the Department with invaluable information 
regarding the calf-lymph then exclusively in use throughout 
Palestine. Manufactured at a private institute in Jerusalem, the 
vaccine proved wholly unable to cope with the emergency ; only 
172 showed positive results among 2,734 vaccinations performed, 
and several children, apparently vaccinated successfully with this 
lymph, developed smallpox later in the epidemic. 

Recourse was then made to Egypt, and an extensive use of fresh 
lymph of high potency, prepared at the Public Health Laboratories, 
Cairo, proved the turning point in the campaign, for not a single 
individual thus protected fell victim to the disease. 

Apropos is an interesting observation made by Macqueen 
(1926), in connection with the immunity conferred by variolation. 
Twenty-seven children, who had been ‘inoculated ’ and had developed 
eruption and symptoms of variola inoculata, were vaccinated with a 
reputable lymph twelve months after the occurrence, but out of the 
twenty-seven, successful insertion was obtained in 12 cases or 44 per 
cent.—a percentage surely much in excess of that likely to be 
obtained among twenty-seven children who had suffered from 
variola vera. 

Control of the second outbreak of variola inoculata, which 
occurred in 1924, was easily exercised, on account of the isolated 
position of the affected encampment and by the performance of 
7,000 vaccinations on a population recently transferred from Syria 
to Palestine and mostly unvaccinated. 

During 1926, on account of the prevalence of smallpox in Egypt 
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and in adjacent territories, a campaign was organised in the spring 
of the year, having for its objects the vaccination of children belonging 
to the Bedouin tribes and the re-vaccination of school children and 
of all village children, those under five years of age showing definite 
proof of vaccination being alone excepted. A further measure was 
also brought into force at that time, the vaccination of all third-class 
passengers travelling by rail between Egypt and Palestine. In all, 
during 1926, there were 171,260 vaccinations performed, of which 
79,853 were primary. 

The succeeding years have abundantly proved Palestine to be 
a country in which vaccination is appreciated at its proper value. 
It will be recalled that the fatal case of smallpox in Jerusalem during 
December, 1927, was a pick-pocket, whose habits and movements 
rendered the tracing of contacts impossible. An intensive vaccina- 
tion campaign was, therefore, launched; three special vaccination 
stations were opened in the most populous centres of Jerusalem, 
calf lymph was supplied free of charge to hospitals and medical 
practitioners, active pro-vaccination propaganda formed part of the 
Department’s scheme for coping with the situation. Response on 
the part of the inhabitants was remarkable ; within a month 34,295 
vaccinations had been carried out, a figure equivalent to 50 per cent. 
of the town population. At the same time, in view of the epidemic 
prevailing in Iraq and the high incidence of smallpox in Egypt and 
Syria, opportunity was taken to urge vaccination in other parts of 
the country. As a result, 57,784 primary vaccinations and 40,788 
re-vaccinations were performed. 

Palestine, then, is well protected, due partly to the enthusiasm 
of its inhabitants for vaccination and partly to the Department’s 
aim since 1918 at a universal and effectual vaccination. 


IV. ANTIVARIOLOUS VACCINE 


Anyone who has observed the disastrous effects of smallpox 
on a non-immune or badly-vaccinated village community, and has 
also noted the ease of control over an outbreak by means of a vaccine 
lymph of high potency, will surely advocate the necessity of a Public 
Health Department’s keeping adequate stocks of reliable lymph, 
not only for routine vaccination requirements but to meet epidemic 
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needs. The obvious failure of a locally-produced lymph to control 
the Dawaimeh outbreak of 1922 had compelled the importation from 
Egypt of an excellent but somewhat expensive vaccine, and the 
desirability of a Government Lymph Establishment for Palestine had 
to be considered at an early date. The importation of calf-lymph 
is not only an uneconomic proposition in any country where suitable 
vaccinifers are to be obtained easily and at reasonable cost, but it 
frequently entails considerable loss of potency during transit. 
Since calves, best of all vaccinifers, are readily and cheaply procurable 
in Palestine and since the Department, in the interest of economy, 
pressed for sanction to manufacture its own requirements of calf- 
lymph, Government agreed to the erection of the premises and to the 
purchase of equipment necessary to carry out the undertaking. The 
Calf Lymph Establishment, opened in 1924 as an extension of the 
Central Laboratories and staffed by the then existing personnel 
of the Bacteriological Division, rendered the country, at small cost, 
independent of outside sources of supply. It was realised that the 
greatest likelihood of success in achieving a lymph stock of the 
desired potency would result from intensive production during the 
colder months of the year, January—April, and experience has shown 
that the work performed during that period assures a supply ample 
for the needs, routine and epidemic, of Palestine and Transjordan. 
Indeed, the stock of 600,000 doses, kept in reserve against unforeseen 
developments, has been called upon by the International Quarantine 
Board and by the Syrian Government, when their own ordinary 
sources of supply have failed. 


(a) PRODUCTION OF LYMPH. 


It is not proposed to detail the procedure followed here, except 
in so far as it differs to any extent from that described in text-books 
of Preventive Medicine and the like. The Establishment consists 
of the usual stable, attendant’s quarters and various rooms used for 
the inoculation and scraping of calves, for the grinding of lymph 
pulp, for the filling of capillary tubes and for the performance of 
primary (control) vaccinations on children. It is built on the most 
hygienic lines and its close proximity to the main laboratories of 
the Department permits the requisite bacteriological investigation 
of lymph emulsions to be begun without delay. Only calves of from 
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8 to 10 months old are employed so as to obviate the necessity for 
milk-feeding ; these animals, after one week’s isolation and observa- 
tion by a veterinary officer, are transferred to the special stable, 
where they are accommodated in stalls, constructed of galvanised 
iron bars, and fitted near the anterior end with swing-gates of the same 
material. This arrangement, when the gates are closed, prevents 
the calf from licking the vaccinated surface, while allowing it full 
freedom in all other movements. Each animal is provided with a 
wooden floor batten, made movable to allow easy cleansing. During 
the process of vesicular development strong light is excluded from 
the stable by means of dark material suspended over the fly-proof 
doors and windows. Calves are prepared for operation in the usual 
way. 

During the earlier period of the Establishment’s existence, 
the method of vaccination was that of linear incisions. In the long 
axis of the abdomen a series of double incisions 3 to 4 inches in length 
was made by means of a moderately sharp scalpel, with the rounded 
back of which, previously dipped in seed vaccine, inoculation was 
effected. The double incisions were }th inch apart with an interval 
of about 2 inch between each set. This method, at once tedious 
and time-consuming to the operator and most irksome to the calf, 
was further unsatisfactory from the point of view of lymph yield, 
since rarely could more than 3,000 doses per calf be thus obtained ; 
it was consequently abandoned in favour of the method now to be 
described. Over an area 4 inches by 4 inches are scratched parallel 
lines with the scalpel held sideways in the right hand, the left hand 
being used to put the skin on stretch. The lines 5 mm. apart extend 
from one margin of the area to the other and are of such a depth 
as just not to draw blood. These areas, numbering five to eight 
according to the size of the calf, are then smeared over with seed 
lymph. Vesiculation occurs in continuous and discrete lines, which 
do not coalesce. The yield of lymph is fairly large, an average- 
sized calf producing 7,000 to 8,000 doses, while the quality of lymph 
is excellent, its potency-index remaining at 100 throughout the weekly 
controls carried out in the children’s vaccination room. After the 
areas have been suitably prepared, lymph is collected when five 
complete days have elapsed since vaccination ; very occasionally, 
however, an optimum development occurs somewhat earlier. On 
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conclusion of the ‘ scraping’ process the abdominal wall is powdered 
over with talc and the calf sent to the butcher. The animal is 
slaughtered in the presence of a veterinary officer who, after 
examination of carcass and viscera, including mediastinal and 
mesenteric glands, certifies as to the condition present. The tuberculin 
test is not applied. 

The lymph is now weighed and ground; during the grinding 
it is gradually diluted four times its weight with a solution 
of 50 per cent. glycerol in water to which o-1 per cent. oil of cloves 
has been added. The diluent is carefully titrated to a reaction of 
pH7 before use. Complete trituration of the lymph is secured by a 
type of machine similar to that in use at the Lymph Establishment 
at Hendon, but fitted, in default of electric power, with 1-4oth h.p. 
hot air engine. In Blaxall’s words: ‘ the aim is to obtain a homo- 
geneous emulsion with the pulp in a very fine state of division, and, 
if the triturating has been properly carried out, a loopful of the 
emulsion suspended in distilled water shows merely as a faint cloud, 
no definite particles being visible to the naked eye.’ 

After trituration, samples of the lymph emulsions are subjected 
to bacteriological tests identical with those required in England 
by the Regulations made under the Therapeutic Substances Act, 
1925; immediately thereafter similar samples are placed in tubes, 
efficiently corked, and stored along with the bulk of the lymph in an 
environment of from —r10°C. to —3°C. During storage, further 
bacteriological examinations are carried out from time to time and the 
number and nature of the organisms present carefully noted. 


(6) COLD STORAGE. 


That cold storage is essential for the preservation of lymph 
stocks requires no emphasis; it is almost universally practised. 
When the question of storage first arose here, however, the only course 
available was to keep the lymph emulsions in direct contact with ice 
blocks until required for tubing. As the hot weather advanced, 
this method proved increasingly unsatisfactory, with the result 
that a solution to the storage problem became a matter of urgency 
if future lymph stocks were to retain their original potency. 

Lack of municipal electric power together with Government’s 
financial stringency precluded the erection of a refrigerating plant 
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and thus cold storage on the premises was an impossibility. The 
difficulties, however, were overcome by recourse to the following 
simple expedient which, for reasons of economy and efficiency 
alike, can with confidence be recommended to workers faced with a 
similar problem. 

The lymph is placed in a specially designed ‘ container’ at the 
local ice factory. The interior of this galvanized-iron container, 
1:50 m. high and 30 cm. square, is occupied bya light metal framework 
fitted with handles for easy removal and divided into six compart- 
ments. Each compartment is so constructed as to accommodate 
the wire baskets used to receive bottles of vaccine for storage. The 
container, closed and made waterproof by means of an accurately- 
fitting sheet-iron plate lined with rubber and held in position by 
hinged thumbscrews, is, after having been properly counterweighted, 
sunk in the brine tank of the ice factory and secured permanently 
by iron bands screwed to the wooden sides of the tank. The brine 
normally reaches to within six inches of the upper surface of 
the container, and as the manufacture of ice is carried on throughout 
the year, a temperature in the surrounding brine of from —10°C. to 
—3°C. is guaranteed, which ensures adequate cold storage. A 
small charge is made by the ice-manufacturer for the use of that 
part of the brine tank occupied by the container. A drawing of the 
container and its connections has been made on p. 539, which is 
self-explanatory. 

It has been determined that lymph, produced in this country 
by the method described above and with an average initial flora of 
between 30 and 40 millions of colonies per I c.c., is rendered sterile 
in 23 days at room temperature (18°C.), in I5 weeks at the 
temperature of our cold storage, and in 4 days at incubator 
temperature (37°C.). The lymph virus, however, has been found 
to retain its potency after seven weeks’ exposure to 18°C. ; after 
two and a half years in cold storage its virulence is inappreciably 
affected, while lymph is rendered wholly avirulent after one week 
at 37°C. 
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The rate of elimination of extraneous organisms during cold 
storage may be tabulated as follows :— 


After storage period | No. of colonies per | After storage period | No. of colonies per 
of | I c.c. of | I c.c. 
| | 
1 week | 2,824,000 8 weeks | 34,000 
2 weeks | 463,000 9 » | 20,000 
3 344,000 10 45 | 12,000 
256,000 | «= | 8,000 
168,000 | 1,950 
80,000 | 1,300 
60,000 | | 1,000 to Nil 


It is, therefore, the practice here to issue lymph to vaccinators 
after a period of storage of not less than four months, and then only 
if proved bacteriologically free from extraneous organisms. The 
lymph is then filtered through gauze and tubed by Enterican’s filling 
machine. Distribution is immediately effected to meet requirements, 
and instructions accompany each issue to the effect that, if not used 
within 14 days, the lymph must be returned to the Central 
Laboratories. 


(c) SEED LYMPH. 


The original supply of seed lymph was obtained from the Hendon 
Lymph Establishment, but its rapid deterioration in potency after 
a few passages on the calf necessitated its replacement by a further 
quantity from the same source, Since the arrival of this second 
consignment, regular periodic transfers on rabbits have succeeded in 
maintaining the potency of the seed lymph at avery high level. The 
rabbit is vaccinated in accordance with the late Dr. F. R. Blaxall’s 
technique, viz.: the skin is very gently abraded and lymph rubbed 
in; the result is a confluent eruption in which individual vesicles 
can with difficulty be distinguished ; the total yield is about 0-25 
gramme, and here is collected on the 4th or 5th day and used to 
vaccinate a calf. The lymph from this calf is divided into three 
batches, one being used immediately for the next lot of calves, while 
the others are stored for future use. 
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This system of inoculating rabbits for the purpose of renewing 
stock may thus be graphically represented :— 
Rabbit 
chi 


(1) Call (2) cal (3) 


“a (1) cal (2) cal (3) 


| | | | 
Rabbit Calf (1) Calf (2) Calf (3) 


TESTS FOR POTENCY. 


Each batch of vaccine lymph, after the several procedures 
required for preparing it for issue have been completed, is tested for 
potency, so as to ensure its full activity at the time of issue. The 
unfiltered lymph sample under test is submitted to direct decimal 
dilution with N.S.S. and strengths of I:10, I: 100, I: 1000, 
I : 10,000 are thereby obtained. Potency is gauged by the production 
of the characteristic lesions of vaccinia virus on application of the 
vaccine in these dilutions to the rabbit’s skin. Ordinary rabbits 
of 1,500 grammes are employed. The fur over the vertebral column 
and to the extent of one inch on either side is removed and this area 
of shaven skin divided up into spaces with a moistened indelible 
pencil. Between the scapular regions and the pelvis five such areas 
are demarcated on either side. By means of a pipette one drop 
(0-05 c.c.) is delivered on to the centre of the first area on the right- 
hand side and well scratched in with a sharp needle. With fresh 
pipettes and needles one drop of each dilution is similarly applied to 
the succeeding spaces on the right side. On the left, identical 
operations are performed, but in this case the various dilutions are 
dropped on the shaven skin only, no scratching to ‘ insert ’ the vaccine 
being practised. The last space on each side is reserved for the saline 
controls. 

On the third day vaccinia reactions are normally to be observed 
in all four areas, on both sides of the vertebral column alike. These 
reactions become more marked on the fourth and fifth days and are 
fully as well developed on the left side as on the right, despite the 
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difference in mode of lymph application. (Proof has, however, 
also been afforded that the lymph manufactured here is invariably 
capable of producing vaccinia in the rabbit’s skin in a dilution of 
I : 100,000.) 

Tests on children are also carried out before issue. Infants 
numbering from 50 to 100 are brought weekly to the Establishment’s 
vaccination hall, where the vaccinations are performed by the 
laboratory medical officers. Dilutions in this instance, however, 
are restricted tor: 100. These control vaccinations prove the lymph 
to have an efficiency value of gg to 100 per cent. prior to distribution. 


(e) RESULTs. 


It must not be inferred that the original high success-rate is 
universally maintained in rural districts: such could not be expected, 
when the adverse conditions, under which many vaccinators have to 
work while on tour, are taken into consideration. The most 
practical method of ensuring the arrival of lymph, undiminished in 
potency, at outlying stations during the hot weather has been found 
to be at once the most simple and economical. Lymph tubes are 
surrounded by cotton-wool thoroughly saturated with water, and 
packed in boxes, of which the lid and sides are freely perforated. 
Experience has shown that the enclosed lymph tubes are kept 
quite cool by the evaporation of the moisture, the hotter and drier the 
air, the cooler the tubes. 

Perhaps the quality of the lymph, on arrival at its many 
destinations throughout the country, may, however, be gauged best 
by reference to the following general statement which covers the last 
quinquennium. 


Primary vaccinations 
Year Total No. of l 

vaccinations No. performed Percentage of 

performed and observed No. successful success. 
76,423 35,140 28,561 81°3 
1926 ... wis 171,260 69,965 60,760 86'8 
... 89,600 37,280 32,869 88°2 
1928 ... 98,572 51,287 44,106 86°0 
1929 «.. ‘ae 45,970 38,158 36,016 94°6 
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(f) Cost OF PRODUCTION. 


The production of smallpox lymph has entailed no extra 
expenditure here on laboratory personnel, for since the inception 
of the Establishment in 1924, it was undertaken by the staff of the 
bacteriological laboratory as part of their routine duties. The 
economic advantage to Government of such production at the 
Central Laboratories will be appreciated from the fact that during 
the first four months of 1930 the Calf Lymph Establishment manu- 
factured 374,200 doses of vaccine at a net expenditure over revenue 
of £74 14s. The following summary explains the low cost :— 


Number of calves vaccinated... 47 
Number of calves successfully vaccinated ... a wis 47 
Number of grammes of pulp collected __... ve abd 1,871 
Average number of grammes per calf a we oe 40 
Number of doses manufactured 374,200 
Purchase price of 47 calves ... £142 16s. 
Cost of forage, etc. ... £47 Ios. 
Slaughter-house dues .. £7 18s. 
Sale price of 47 calves, meat and skins ie oa — £123 Ios. 
Net expenditure over revenue £74 14s. 
Cost of lymph production per dose manufactured... _ 0°048d. 


V. SUMMARY 


1. Palestine, from its geographical connexions and unique 
position on the great pilgrim routes, has been always peculiarly liable 
to invasion by epidemic diseases. 

2. An account has been given of the incidence of smal]pox in 
Palestine and of the anti-variolous measures in force before and after 
the Great War. 

3. Reference has been made to the legal enactments, general 
and special epidemic procedure and the completeness of vaccination, 
which have together been instrumental in freeing Palestine from 
smallpox during the British Administration. 

4. The thoroughness with which vaccination has been applied 
is reflected not only in a smallpox-free country but in the fact that 
no child on entering school is now found to be unvaccinated. Sharp 
contrast is afforded by present-day England; whereas twenty 
years ago 75 per cent. of the population there were vaccinated in 
infancy, the percentage to-day vaccinated in early life is but 38. 
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Little wonder, then, that while Palestine is without smallpox, the 
disease is on the increase in England. 

5. Variolation has proved an unjustifiable and unsatisfactory 
immunising procedure. 

6. No case of post-vaccinal encephalitis has been encountered. 

7. It has been shown that any well-equipped bacteriological 
laboratory can, in addition to its routine work, undertake the 
successful manufacture of smallpox lymph without additional expert 
staff—an economy which must surely commend itself to any 
Administration. 

8. Lymph production has been discussed and a method of cold 
storage devised for establishments lacking electric power and/or 
financial independence. 

g. The remarkable enthusiasm of the inhabitants for 
vaccination and the absence of anti-vaccinationists have played 
important rdles in ridding Palestine of smallpox. 


VI. CONCLUSION 


Palestine undoubtedly owes its present freedom from smallpox 
to its completeness of vaccination. Admittedly other factors have 
been at work, and, to quote the words of Balfour and Scott (1924) 
‘even without vaccination we might have expected improvement, 
for, like many other diseases, smallpox flourishes best where dirt 
or overcrowding abounds. It may, however, be safely affirmed 
that without vaccination the malady would never have been fully 
controlled.’ 
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THE THIRD STAGE LARVA OF 
STRONGYLUS EQUINUS 


BY 


E. LEONARD TAYLOR 
(Veterinary Laboratory of the Ministry of Agriculture and Fisheries) 


(Received for publication 15 August, 1930) 


Little work has been done to clear up the life history of the 
strongyloid worm of the horse, many parts of which still remain 
unexplained. This neglect of an economically important parasite 
is probably due to the costliness of equines as experimental animals 
and the difficulty which there is in securing them free from infection 
with several species of strongyloid worms. Some of these are 
invariably present in ordinary animals more than a few weeks 
old, and add considerable difficulty to a study of the life history of 
any one particular species. The large size of the horse also dis- 
courages search for microscopic stages of the parasites and is doubtless 
the principal reason for the third stage larva of Strongylus having 
so long escaped observation. Fourth stage larvae have been 
described by Ihle and Van Oordt (1924 and 1925) and the presence 
of larvae in various organs and tissues has occasionally been reported. 
Nothing, however, is known of the route by which they travel nor 
of how they return to the intestine. 

From time to time useful information has been derived from 
the experimental feeding of the infective stage of parasitic nematodes 
to small laboratory animals. Stewart (1917) was very successful 
in the use of rats and mice when working on the life history of 
Ascaris lumbricoides, as were Ransom and Cram (1921) working on 
the same subject. Mention of a few other records might be made, 
shewing the possibilities in this line of work. In a note Ransom 
and Raffeusperger (1920) recorded an observation on the development 
of an infective larva of Arduenna strongylina in a guinea-pig. On 
examination of the experimental animal eleven days after the 
administration of the infective feed one larva was found which had 
passed from the third to the fourth larval stage and grown to a size 
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of 5:8 mm., 1.e., about three times its original size. Torres (1924) 
using guinea-pigs, shewed that pulmonary habronemiasis could be 
produced by placing larvae on the skin. Fielding (1927) reported 
that the larvae of Oxyspiruva mansoni will live in the eyes of guinea- 
pigs, although they cannot reach this site unaided. In 1923 Ransom 
called attention to the use of the guinea-pig as an experimental host 
in work on the life history of nematode parasites and mentioned 
that Haemonchus contortus and ‘certain horse strongyles’ will 
establish themselves in the intestinal wall. The aid of small 
laboratory animals has also occasionally been called in by workers 
on Ancylostomiasis. 

An attempt was made by De Blieck and Baudet (1926) to obtain 
some information on the life history of the equine strongyles by 
using small laboratory animals. Their method was to feed large 
numbers of infective larvae to rats, mice, and guinea-pigs after a 
preliminary period of fasting, which in some cases was as long 
as twenty-four hours. In one experiment mice and rats received 
large feeds of larvae every twenty-four hours over a period of some 
days. The animals were killed for examination from one and a half 
to four hours after the last feed; but although a few ensheathed 
and exsheathed larvae were recovered from the contents of the 
stomach and intestines and from the faeces, none were found in the 
gut wall, lungs, liver or elsewhere and the authors concluded that 
the infective larvae of equine strongyles pass through the lumen of 
the intestines of rats, mice, and guinea-pigs and do not penetrate 
into the body. 

While working under the kind direction of Dr. M. C. Hall, in 
the United States Bureau of Animal Industry, the writer repeated 
this attempt to infect laboratory animals with strongyles and 
obtained rather better results than those previously reported. The 
work commenced in America was afterwards continued at the 
Veterinary Laboratory of the Ministry of Agriculture and Fisheries. 


Preliminary experimental feeding of mice and guinea-pigs. 

In a preliminary trial, a culture of infective larvae made from 
a mixture consisting of eggs of Strongylus equinus, S. edentatus, and 
S. vulgaris was administered per os in large doses to four mice and 
four young guinea-pigs (250 to 300 gms. weight). In the first mouse, 
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killed and examined two days after receiving the infective dose, a 
larva was observed in the liver, measuring 0-55 mm. long, and bear- 
ing three large bulbous appendages to the head, which had a general 
resemblance to the large lips of the adult Ascaris, but were propor- 
tionately larger. Nothing was found in any other organ, although 
a careful search was made in lungs, pancreas, spleen, kidneys, muscle, 
lymphatic glands, testes, salivary glands, wall of intestine and blood. 
Several ensheathed and exsheathed larvae, some of which were alive, 
were, however, recovered from the faeces. In two other mice 
examined three and five days respectively after the administration 
of the infective dose, nothing was found; but in a fourth, killed 
eight days after dosing a similar larva was found in the liver ; 
there was, however, nothing seen in any other organ. 

The first guinea-pig was killed five days after the administration 
of the first infective feed—a second feed having been given on the 
third day. The post-mortem examination of this animal gave most 
encouraging results; three of the larvae with trilobed head were 
found in the first two crush preparations of the liver. On examining 
the small lymphatic glands at the junction of the ileum and caecum, 
ninety-five of the same kind of larvae, arranged in two groups, 
were found. 

Examination of other lymphatic glands, spleen, lung, wall of the 
small intestine near the ileo-caecal junction, and wall of the caecum, 
gave negative results. In the mucosa of the first part of the large 
colon, however, three larvae were found, in which the head appen- 
dages were absent. These larvae were longer, measuring 0-725 mm., 
more slender and more active than those which had previously been 
found in liver and lymphatic glands. 

The other three guinea-pigs were not killed for examination 
until much later, but the results obtained in the first post-mortem 
examination of this experimental host were so promising that it was 
decided to make use of it for further feeding experiments. 


Varying success of cultures of the three species of Strongylus. 


The culture medium used was a mixture of equal parts of 
sterilized horses’ faeces, and animal charcoal. In this mixture 
S. equinus was found to grow very readily, and in some cultures 
the number of larvae reaching the infective stage exceeded 1,500 for 
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every gravid female used in its preparation. Results from 
S. edentatus were usually rather poor, and only on two occasions 
did the final count of infective larvae exceed 500 per gravid female, 
while S. vulgaris was quite the most difficult of the three toc. cure, 
as a rule very few infective larvae, and sometimes none at all, were 
recovered. It is not easy to account for these variations, and the 
few changes in the method of culture which were tried during the 
course of the experiments did not indicate the cause. 

The general experience seems to be that S. vulgaris is the most, 
and S. equinus the least, prevalent of the three species in the horse. 
It is curious that the ease with which they may be cultured in the 
charcoal-faeces medium should vary inversely as the occurrence 
of the mature worms in the horse, and suggests that some other 
differences may be looked far, possibly in their parasitic life. 


Period required for development of the infective stage larva. 


In order to determine this point some of the first cultures of 
S. equinus were kept under careful observation at room temperature, 
the earliest appearance of infective larvae noted was on the fifth day. 
In two other cultures kept ‘under observation they appeared on 
the eighth and on the ninth day respectively. As the development 
of some individual larvae is slower than others, cultures were not 
used until at least two weeks old, in order to allow sufficient time 
for the great majority of larvae to become ensheathed. In connection 
with the rate of development of strongyle larvae, Martin (1911) 
says that 45 to 60 days are necessary for the development of the 
rhabditiform larva of S. edentatus. While according to Adelmann, 
Baillet found that two to three weeks are necessary for S. vulgaris 
to enter on the rhabditiform stage. De Blieck and Baudet (1926), 
on the other hand, working with larvae which they thought to be 
S. edentatus and S. vulgaris, found them to reach the infective 
stage in from five to eight days. No attempts were made in the 
series of experiments here recorded to determine the duration of 
the first and second stage larvae of S. edentatus and S. vulgaris, 
but observations made while separating larvae from the cultures by 
Baermann’s apparatus during the ordinary course of the work 
suggest that the infective larvae of these two species develop as 
quickly as that of S. equinus. 
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Method of procedure used in the feeding experiments 


In the feeding experiments here described it was originally 
intended to use only larvae of S. equinus because of the ease with 
which they can be cultured, but the material could not always be 
obtained, and cultures of the two other species were sometimes 
used instead. For the experimental host young guinea-pigs of 
only 250 to 300 gms. weight were used because of the lower resistance 
generally shown by young animals to invasion by parasitic worms, 
and because their smaller size facilitated the search for microscopic 
larvae. The method followed was to give the animals a watery 
suspension of large numbers of the infective larvae by the mouth, 
after withholding food for twelve or sixteen hours. Then to kill 
them at varying periods after the experimental feed, and search 
for the larvae by means of crush preparation of tissues, with the 
idea of tracing their early wanderings in the body. The large 
mesenteric lymphatic glands, the liver and the wall of the colon 
were usually examined, while in some instances, where the experi- 
mental feed was an exceptionally large one or for some other reason 
the guinea-pig appeared to be particularly heavily infected, the 
lung, pancreas, peritoneum, wall of stomach, small intestine and 
caecum were also examined. 

The following table gives a few details of the nature of the 
infective feed administered and the post-mortem findings in experi- 
mental guinea-pigs. It will be noted that in almost all cases the 
infective feed was of S. equinus, but that in some cases S. edentatus 
or S. vulgaris was given instead. The individual larvae ‘ A’ and‘ B’ 
afterwards described were recovered from guinea-pigs which had 
received S. eguinus, but larvae apparently identical with those 
were also found after the administration of infective feeds of the 
other two species. 


Attempt to find larvae in the blood. 


As much blood as possible was collected from guinea-pigs 
Nos. 1 and 2, by opening the chest and cutting into the ventricles 
of the still beating heart. These two guinea-pigs were killed ten 
hours and twenty-four hours respectively after the administration 
of the experimental feed. The blood was citrated, then laked with 
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| 
Findings 
No. of | Number of | Time between | Nature of the tg 
guinea- experimental last feed and experimental Lymphatic 
pig | feeds | sacrifice of feed gland at 
| ore administered = Liver junction of | Wall of large colon Size of laryge 
| caecum 
and colon 
I I | 40 hours | Very large | nil nil Numerous larva‘ A’ | o-61 x ti, 
number of 
| S. equinus 
2 I 24 hours 4,500 S. equinus nil 1 larva ‘ B’ nil 
3 I 24 hours S. equinus nil nil nil 
4 I 48 hours 4,500 S. equinus | nil nil Several larva ‘A’ 
| | 
5 I | 48h urs Large number of | nil nil nil 
| o S. equinus 
6 I 48 hours S. equinus nil 1 larva ‘ B’ nil o-70 mm. 
7 I | 3 days Numerous 3 larva nil nil 
S. equinus *B’ 
Larva ‘ A’ 
8 2 in 3 days | 3 days Numerous 4 larva |g5 larva ‘ B’ 3 larva‘ A’ O-725 mm 
| mixed culture -_" | Larva ‘ B’ trom 
| | | | liver 430 mm, 
| | 
9 I 3 days er equinus | nil nil | nil 
10 1 4 days 12,000 nil 11 larva ‘ B’ nil 
S.edentatus | 
11 I 4 days Few S. edentatus nil nil nil 
12 I 4 days S. equinus nil nil nil 
13 I 6 days 5,000 S. vulgaris nil 17 larva ‘ B’ nil 
14 I 6 days 7,000 S. edentatus nil nil nil 
( In lymphatic 
mm. 
I 6 days Many S. edentatus|| larva | § larva ‘ B’ 2 larva ‘ B’ In liver o-s5 mm 
In colon wal! 
o-48 mm. 
16 I 6 days Few S. vulgaris nil nil nil 
‘7 1 8 days S. vulgaris nil nil nil 
18 I 12 days S. equinus tlarva | 1 larva‘ B’ nil In lymphatic gland 
B’ dead mm. 
19 | 3in 5 days 23 days S. equinus nil nil 10 larva ‘ B’ Larva ‘ A’ 0-75 mm 
| 1 larva ‘A’ 
| 
20 | I 23 days Few S. edentatus nil 2 larva ‘B’ 5 larva ‘B’ 
- : 38 days Mixed culture 1 larva 3 larva 5 larva ‘ B’ dead Larva ‘C’ 3:1.mm 
‘B’ dead 
22 2in 5 days 96 days S. edentatus nil nil nil 
23. 3 in 12 days 97 days S. equinus nil nil nil 
24 3 in 12 days 97 days S. equinus | nil | nil nil 
25 3 in 12 days| gg days S. vulgaris nil nil | nil 


NOTE.—Guinea-pig No.7. Twenty white spots were found in the liver in three of which these larvae were found. = 

Guinea-pig. No 8. In the first two crush preparations of the liver three larva ‘B’ were found. The remainder of the liver was *"*' 
_ divided and an attempt made to separate the larvae by means of Baeman’s apparatus, but only one was recovered. 

Guinea-pig No. 13. Four white spots were seen in the liver, but nothing was found in them. 


Guinea-pig No.19. Two of the larva ‘ B’ in the colon were surrounded by very definite cyst walls which could be seen with the unaided“ 

_ when the gut was pressed between two trichinoscope slides. : 

Guinea-pig No. 20. The diaphragmatic surface of the liver showed two wavy whitish lines presumably caused by large larvae wandét's 

under the capsule. A number of small white spots were also found in the liver, some of which contained dead larva ‘Bb. ** 

_ five larva ‘B’ found in the wall of the colon appeared also to be dead, and were all surrounded by definite cyst walls. F 

Guinea-pig No.21. The one larva ‘ C’ was found in the omentum, but a wavy whitish track was seen on the diaphragmatic surface 0” 
liver where it had presumably been wandering. 
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a large amount of water, and sedimented for twenty-four hours, 
the sediment being subsequently centrifugalised and examined for 
larvae, but with negative results. 


Attempt to find larvae in the peritoneal cavity. 


Guinea-pigs Nos. I, 3, and 5 were examined in the following 
way. As soon as they were killed, i.e., ten, twenty-four and forty- 
eight hours respectively after the administration of the experimental 
feed, as much normal saline as the peritoneal cavity would hold 
was injected by means of a hypodermic needle and syringe. The 
abdomen was then worked about with the fingers, and the saline 
afterwards drawn off by the same means which had been used for 
its injection, and centrifugalised. No larvae, however, were 
recovered from the sediment. 


Experiment to ascertain whether larvae penetrate the gut wall, 


Two freshly killed guinea-pigs were taken. From one of these 
the whole bowel was removed, with complete mesentery attached. 
From the other, only the large intestine was removed, and the 
mesentery cut away close to the bowel wall. A large number of 
infective larvae were then introduced into the middle part of both 
colons by means of a long glass pipette. On withdrawing the 
pipette, the portion in which the larvae were situated was isolated 
by means of screw clips, in order to confine the larvae to one part 
and prevent them from escaping through the hole made by the 
pipette. The two experimental portions of bowel were then placed 
in normal saline at 37° C., the clamped ends being allowed to hang 
over the edges of the two vessels. 

On examination after eighteen hours incubation three hundred 
and eight exsheathed larvae were recovered from the saline in 
which the gut with removed mesentery had been suspended ; while 
in the other vessel, where the mesentery with its contained blood 
and lymph vessels had not been cut, only one larva was found. 
The recovered larva in every way resembled larva ‘ A’. 


Injection of larvae into the peritoneum. 


It was thought that more larvae might establish themselves 
in the liver and develop there, if they were directly injected into the 
peritoneal cavity. 
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About nine thousand S. edentatus larvae were injected into the 
peritoneum of one guinea-pig, and in fourteen days an examination 
of the abdominal organs was made; but three larvae ‘ B,’ in the 
liver, were all that was recovered and the method was not followed up. 
The experiment showed, however, that passage through the intestine 
is not essential to the development of the larvae. 


Injection of larvae beneath the skin. 


This was done to ascertain whether the larvae can reach the 
liver and abdominal lymphatic glands through the circulation. 

Larvae of S. equinus were injected subcutaneously into two 
guinea-pigs, which were examined after three and one hundred days 
respectively. In the experimental animal examined three days 
after inoculation only one larva ‘ B’ was recovered and this from 
the superficial inguinal lymphatic gland. In the other, examined 
after one hundred days, nothing could be found. No trace of larvae 
could be found at the seat of inoculation in either guinea-pig. 


Description of parasitic larvae recovered from the guinea-pig. 
Larva ‘ A.’ 


Three distinct larval forms were encountered in the examination 
of experimental guinea-pigs. What is regarded as the earliest 
of these was not met with in any part other than the wall of the 
large intestine. This larva, for the sake of convenience here 
called ‘A’, is long and slender, measuring from 0-560 mm. to 0-750 
mm. in length and only 0-020 mm. wide. Itis much more flexible and 
active than the stage which follows, and is frequently found lying 
in four or five flexuous bends. The general morphology is similar 
to that of the ensheathed third stage larva, except that more detail 
can be made out in one or two places. At the head are the rudiments 
of the three large bulbous appendages which are so prominent 
a feature of the form to be described next. The lateral lines are 
frequently very distinct. The filariform oesophagus measures about 
0-12 mm. in length. The intestine appears still to consist of sixteen 
dorsal and sixteen ventral cells and terminates in the anus situated 
0-05 mm. to 0-06 mm. from the caudal extremity. The tail is 
blunt and does not taper evenly but shows a slight constriction 
between the middle and last third of its length. At about 0-06 mm, 
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from the anterior extremity the oesophagus is surrounded by the 
nerve ring, and at about 0-04 mm. further down the body the 
excretory pore opens on the ventral surface. What are believed 
to be the developing cephalic glands may be seen extending from 
about the level of the nerve ring to 0-08 mm. or 0-10 mm. beyond 
the end of the oesophagus. The genital primordeum is distinct as 
a group of specialised cells lying between the seventh and eighth 
cells of the intestine. 

This ‘ A’ larva was found in four of the twenty-five experimental 
guinea-pigs and always in the wall of the large colon more or less 
close to the caecum. These four guinea-pigs were examined 
10 hours, 2 days, 3 days, and 23 days respectively after the experi- 
mental feeding. In the first were found the largest number, and 
these were seen in their greatest concentration between half an inch 
and one and a half inches behind the junction of the caecum and 
colon. The mucous membrane appeared inflamed at this part. 
Smaller inflamed patches also occurred on the mucous membrane 
for a further six inches down the large colon, and microscopical 
examination showed each to be associated with a group of active 
larvae in the stage above described. No larvae were found in 
other parts of the intestine. Smaller numbers of larvae were found 
in the same site in the other three guinea-pigs ; and in the last one, 
examined twenty-three days after feeding, only one ‘A’ larva 
was found among several ‘ B’ larvae. 


Larva ‘ BY 


The next type of larva (here called larva ‘B’) appears to be 
the stage which follows the one above described. It was found 
in the wall of the first part of the large colon, in the liver, and in 
a lymphatic gland situated near the ileocaecal junction ; three were 
also found in the portal lymphatic gland. They were most easily 
found, and almost invariably in the greatest numbers in the more 
ventral of the two small lymphatic glands situated near the junction 
of ileum and caecum. The large lymphatic gland more anteriorly 
situated in the mesentery was never found to contain larvae and 
presumably the ileocaecal gland in which they occur so frequently 
drains the wall of the first portion of the large colon, for which 
part of the intestinal wall they have a marked preference. 
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Larva ‘B’ usually shows a slightly smaller measurement of 
length than does the earlier stage larva ‘ A’; it is, however, stouter, 
and less flexible as is shown by the gradual curve in which it usually 
lies. The length varies between 0.43 mm. and 0-7 mm. The most 
striking feature of this larva, and by which, so far as is known to the 
writer, it may be distinguished from all other nematode larvae, is the 
presence of three large bulbous appendages of the head, resembling 
at first sight the three large lips of the mature Ascaris. Judging, 
however, from the position of the excretory pore, they are disposed 
so that one lies ventrally and two sub-dorsally so differing from 
the disposition of the lips of Ascaris. The nature of these swellings 
is not clear, and the only representative specimen of a later larval 
stage which was found in the experimental guinea-pigs shows no 
structure which appears to be in any way connected with them. 
It is, however, not improbable that they have some bearing on the 
early development of the mouth capsule, which is so prominent 
a feature in the genus Strongylus. Measurements of the internal 
parts compare very closely with those of the earlier stage previously 
described. They are, however, much more difficult to delineate, 
as the larva is usually more transparent, and is not easy to separate, 
without damage, from the tissues in which it is found. The cells 
of the intestine are still distinguishable, their number has not, 
however, been accurately determined. No appreciable development 
was observed in the genital primordeum but the head glands appear 
to have grown and now extend further forward. 

Some stages which are regarded as intermediate between 
‘A’ and ‘B’ were found in the wall of the large colon. A few 
larvae distinctly of the ‘A’ type presented more definite develop- 
ments of the three head bulbs, while the body appeared less slender 
and tortuous than the one described. It was also noted that the 
head bulbs were smaller in some of the ‘B’ stage larvae than in 
others. These minor differences are suggestive of a gradual growth 
rather than the sudden change which is frequently seen after an 
ecdysis, and it is probable that both larvae ‘A’ and ‘B’ represent 
different phases in the development of one larval stage. 

Beyond this stage only one larva has actually been recovered, 
although evidence of the existence of a similar one was found in 
a second guinea-pig. This larva ‘C’ was recovered from the 
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Fic. 1. Camera lucida drawing of S. equinus 
larva ‘ A’ (the young 3rd stage larva), from the 
first portion of the large colon of guinea-pig. 


Fic. 3. Camera lucida drawing of larva ‘ B,’ 
the 3rd stage larva, of S. equinus from the ileo- 
caecal lymphatic gland of a guinea-pig. 
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Fig. 2. Camera lucida drawing illustrating 
the flexible nature of larva ‘A’ (the young 3rd 
stage larva). 


Fic. 4. Camera lucida drawing of larva ‘C,’ 
the 4th stage larva of Strongylus sp. 
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omentum, closely applied to the liver, in a guinea-pig killed thirty- 
eight days after the last infective feed. Evidence of its wandering 
under the liver capsule was seen in the form of a winding grey line 
on the diaphragmatic surface. Tracks of this kind may frequently 
be seen on the surface of the liver of infected horses, and fourth 
stage larvae may occasionally be found in them. The other experi- 
mental guinea-pig in which this lesion appeared was killed twenty- 
three days after the last feed, but although a careful search for the 
larvae was carried out it was unfortunately not recovered. The 
thirty-eight days old larva resembles in every way the fourth stage 
larva of S. edentatus described by Ihle and Van Oordt. It is, 
however, a little smaller than the smallest specimen they found 
in the horse, and measures 3:I mm. in length and 0-3 mm. at its 
broadest point. The cuticle is covered with extremely fine striations. 
The mouth cavity is very shallow, leading almost directly into the 
oesophagus, and is surrounded by six small papillae. Surrounding 
the bottom of the mouth cavity is a ring which presents regular 
serrations on its anterior edge, probably representing an early stage 
of development of the mouth capsule. The excretory pore is also 
visible just behind the opening of the mouth. The oesophagus is 
comparatively short, measuring only 0-45 mm. in length. The anus 
is situated 0-05 mm. from the caudal extremity. It has not been 
possible to see much of the internal structures in this one specimen, 
but the head glands can be traced from a point 0-I mm. from the 
head to mid-way between head and tail and occupy most of the 
space between these two points. 

As the specific characters of the fourth stage larvae of the horse 
strongyles are not known, it is unfortunate that this larva was 
found in one of the only three guinea-pigs which received an infective 
feed of mixed larvae. Ihle and Van Oordt suppose the fourth 
stage larva they describe to be S. edentatus because of the large size 
of the cephalic glands. Thwaite mentions the same structures, 
which he describes as ‘ genital cells,’ in fourth stage larvae found in 
experimentally-fed donkeys. These animals had received large 
doses of infective S. equinus larvae and because of this Thwaite 
assumes that the fourth stage larvae are of the same species. The 
available evidence, however, throws considerable doubt on this 
assumption as the only three larvae found which were sufficiently 


| 
| 
* 
> 
> 
& 


557 


Fic. 5. Camera lucida drawing of the head of the 4th stage larva of Strongylus sp. 
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Fic. 6. Photograph of the diaphragmatic surface of a guinea-pig’s liver showing the 
winding track left by the wandering 4th stage larva. 
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mature to show known specific characters proved to be 
S. edentatus. 

In experiments to be recorded later, infective S. equinus larvae 
were administered to a young foal which remained in the stable 
where it was born up to the end of the experiment. Some of the 
larvae recovered at the post-mortem examination were sufficiently 
mature to be recognised as S. equinus and it is highly probable 
that the fourth stage larvae recovered were of the same species. 
Examination showed these to possess the large cephalic glands 
which Ihle and Van Oordt had supposed to be a specific character 
of the fourth stage larva of S. edentatus. 

This character, therefore, does not appear to hold, and the 
specific identity of Ihle and Van Oordt’s fourth stage larva of 
S. edentatus, of Thwaite’s fourth stage larva of S. equinus, and of the 
fourth stage larva recovered from this experimental guinea-pig is 


uncertain. 
Discussion of Results. 

From the findings above described it appears that when infective 
Strongylus larvae are swallowed by the guinea-pig many of them 
are able to free themselves from their sheaths. Of these a few are 
able to penetrate the mucous membrane of the large colon and 
appear to have a preference for the first inch or so of its length. 
After boring into the mucous membrane, one of three things may 
happen :— 

Firstly, the larva may remain in the earliest stage (‘ A’) without 
developing or causing any definite reaction in the gut wall. This 
condition is seen in guinea-pig No. 19, where one larva ‘ A ’ was found 
in the mucous membrane of the large colon twenty-three days after 
the administration of the last feed. 

Secondly, the larva may develop to stage ‘ B’ and still remain 
in the wall of the gut, where it can continue to live without increasing 
in size for a period up to twenty-three days. In some guinea-pigs 
there is a tendency for the formation of a cyst wall round larvae in 
this position. 

Thirdly, the larva may pass through the gut wall and enter 
either the blood stream or the lymphatics. Ifit enters the lymphatics 
it usually finds its way to the more ventrally disposed of the two 
glands situated at the ileocaecal junction, which gland probably 
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receives the lymphatics from the first inches of the large colon. 
Whether larvae which reach this gland are able to migrate elsewhere 
is not known, but they have been found here alive up to twenty-three 
days, and dead up to thirty-eight days after the last infective feed. 

Larvae entering the blood stream are carried to the liver where 
they remain and usually die before further development takes 
place, no evidence of their passing beyond this organ having been 
obtained. Attempts to find larvae in crush preparations of the 
lung have failed, as have attempts to recover them from the blood, 
and it is probable that those leaving the bowel by way of the blood 
stream rarely pass beyond the liver. 

In connection with the time that larva ‘ A’ and ‘ B’ may remain 
dormant it is interesting to recall an observation of Scott’s (1928) 
on hookworm larvae in rats, dogs and cats, where some individual 
larvae were found to remain undeveloped up to twenty-one days 
in the rat, thirty-three days in the dog, and forty-four days in 
the cat. 

Occasional larvae which find their way to the liver are able to 
continue their development to a further stage—that of the fourth 
stage larva (larva ‘C’). But of the large numbers given to guinea- 
pigs during the course of the experiments only two appear to have 
been able to reach this stage. 

In a host so far removed from the natural one it is only those 
individual parasites possessing some special adaptive power which 
are able to survive, and the development of Strongylus larvae in the 
guinea-pig appears to depend chiefly upon their individual 
adaptability. The number of larvae which were able to penetrate 
the mucous membrane was a very small proportion of the number 
given to guinea-pigs, and although the majority of those which 
succeeded so far were able to reach stage ‘ B’ only two were found 
which had developed beyond it. The reaction of the individual 
experimental host appears also to have some influence on larval 
development, evidence of which is derived from guinea-pigs 19 and 20, 
where the unusual formation of a definite cyst wall round each larva 
situated in the gut wall was observed. 

The interpretation of results is complicated by the abnormal 
host-parasite relationship, and the question arises as to whether the 
larva which has here been described in two phases as ‘ A’ and ‘ B’ 
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is really the third stage larva of Strongylus, or some extraordinary 
form resulting from growth in so unnatural a host as the guinea-pig. 
An unsuccessful search has been made in the liver, and lymphatic 
glands of the large intestine of two foals to which heavy doses of 
infective larvae had been administered; but the comparatively 
enormous size of the natural host renders the search so much more 
difficult that this want of success is of no significance. 


So far as can be ascertained no such change in the morphology 
of a nematode parasite, dependent upon its development in an 
unnatural host, is known to occur in any other species, and it is 
probable that the larva here described as ‘ B ’ is the mature third stage 
larva of Strongylus equinus which may later be found in the liver, 
lymphatic glands of the colon and caecum, and perhaps also in the 
wall of this part of the intestine of the horse. 


SUMMARY 


1. In charcoal-faeces culture the infective larval stage of 
S. equinus may be reached in as short a time as five days. 

2. Strongylus larva will live in guinea-pigs for as long a period 
as thirty-eight days and may develop as far as the fourth larval 
stage. 

3. What is regarded as the third stage larva of Strongylus has 
been found in the liver, wall of the first part of the large colon, and 
some lymphatic glands of the experimentally infected guinea-pig. 

4. In the guinea-pig, larvae do not penetrate the peritoneum 
but reach the liver by the blood stream, and the lymphatic glands 
by the lymphatic vessels. 

5. Ashort description of the third larval stage of Strongylus is 
given. It may be distinguished from all known nematode larvae 
of other genera by the presence of three large bulbous appendages 


to the head. 
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CONTRIBUTION TO THE STUDY OF 
EGYPTIAN SCHISTOSOMIASIS 


BY 


ABDEL SHAFI MOHAMMED, M.B., B.Cu. (Cairo), 
D.T.M. & H. (London), D.H. (Cambridge) 


LECTURER IN PATHOLOGY, FACULTY OF MEDICINE, CAIRO 
(Received for publication 28 June 1930) 
PLATES XIV-XVI 


The fact that the schistosomes produce lesions mostly in the 
urinary and alimentary tracts justifies the publication of the following 
notes describing the pathology of rare bilharzial lesions outside the 
urinary and alimentary regions. The four cases described below 
show clearly the proliferative type of bilharzial lesion which may 
amount to actual tumour formation. 

CASE No. 1. This is a case presenting sub-peritoneal papilloma 
due to Schistosoma mansoni. 

The patient, H.A., a farmer 30 years old, came from a village 
near Cairo, and was admitted to the Qasr el Ainy Hospital on 13th 
November, 1929, and died on gth December, 1929. The following 
were the clinical findings on admission. 

He was very anaemic, emaciated, and had ascites ; he complained 
of loss of appetite and discomfort in epigastrium, and of passing 
blood and mucous in the stools. The liver was enlarged three fingers 
below costal margin and was smooth, the spleen was enlarged and 
was felt two and a half fingers below costal margin. The stools 
contained ova of Schistosoma mansom. The urine contained albumin, 
granular and hyaline casts, and blood and pus, no ova were found 
in it. The blood count was as follows :—Total red cell count 
3,612,000, the white blood cells were 7,400, Polymorphs 88 per cent., 
Lymphocytes 7 per cent., Hyaline 2 per cent., and Eosinophils 
3 per cent. 

At post-mortem, the left ventricle of the heart was hypertrophied, 
both lungs showed congestion and oedema at the bases. The liver 
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was enlarged and showed both periportal and diffuse cirrhosis, 
numerous Schistosoma mansoni worms were found in the blood of 
the portal vein. The peritoneal covering of both the under and 
upper surfaces of the organ was studded with whitish lustrous non- 
caseous nodules. The spleen was six times its normal size and its 
peritoneal surface was studded with nodules similar to those on the 
liver. 

A moderate amount of clear fluid was found in the peritoneal 
cavity. The peritoneum over both small and large intestine, urinary 
bladder, and that of the omentum and mesentery was studded with 
closely set ivory-white flattened nodules similar to those on the liver. 
All the mesenteric glands were much enlarged, those at the root of 
the mesentery were matted together. On section the glands were 
harder in consistency than normal, non-caseous, and showed a typical 
sandy colour which to the experienced eye is suggestive of a 
schistosome affection of them. Some glands contained islands of 
calcification in the cut section. A scraping made from the cut 
section of these glands and examined at the moment, revealed their 
nature, as numerous lateral-spined ova were seen in every field. 

The kidneys were congested, the ureters showed advanced 
deposits in the form of sandy patches and the mucosa of the urinary 
bladder showed a similar change. 

Hanging from the peritoneal surface of the sigmoid colon, a 
bluish yellow, sausage-shaped tumour was found attached to the gut 
by a thick pedicle and measuring about 8 cms. in length by 2 cms. 
in diameter near the broad free end. It had a hard fibrous con- 
sistency, smooth even surface and a rusty white colour in section. 
The mucous membrane of the large intestine showed numerous 
papillomata. 

Microscopically the sub-peritoneal papilloma described above 
showed diffuse distribution of lateral spined ova in various stages of 
degeneration and calcification embedded in a fibrous tissue; the 
latter is either poor or rich in eosinophil cells according to its stage 
of development and also according to the condition of the ova 
situated in it ; the healthier looking ova are surrounded by numerous 
eosinophil cells and younger fibrous tissue, and the more degenerated 
and calcified ova are surrounded by more mature fibrous tissue with 
scanty or no eosinophil cell infiltration. This older fibrous tissue 
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is well described as fibroid or hyaline resembling very much the 
hyaline scar tissue around healing tuberculous lesions ; it is also 
poorly vascular. Neither the peritoneum over this papilloma nor 
that on the flat peritoneal nodules described above showed any 
proliferation in its endothelial layer ; this lesion is, therefore, a pure 
sub-peritoneal connective tissue lesion in contradistinction to another 
variety of peritoneal Schistosomiasis, in which the weight of the 
irritation falls on the endothelial elements of that membrane. This 
latter produces widespread nodular lesions of an ivory-white colour 
which show microscopically a typical picture of solid endothelioma 
with ova in each nodule. This last condition was described as 
diffuse bilharzial peritoneal endothelioma by my colleague Dr. M. F. 
Sorour. 

The mesenteric glands in this case showed an especially heavy 
deposition of ova not only in the parenchyma but also in the sub- 
capsular connective tissue, so that on either side of the sub-capsular 
lymph-sinus ova are heavily deposited, on the one hand in the 
parenchyma of the gland and on the other in the very much thickened 
fibrous capsule. In the parenchyma of the glands, the ova are 
diffusely distributed producing a more or less diffuse tissue reaction. 
The elements of this tissue reaction differ with the age of the lesion ; 
in the younger ones, it is distinctly cellular, consisting of endotheloid 
and plasma cells with no eosinophil cells. In slightly older lesions, 
eosinophil cells are added to the above-mentioned elements and after 
the appearance of these a fibroid transformation starts in the cellular 
tissue which continues till complete solid fibrosis is established as 
seen in the very old lesions where the ova have also become calcified 
or destroyed by giant cells and disappeared. In such chronic lesions 
no eosinophil cells are to be seen. 

The Spleen. A few ova were found deposited in the pulp with 
hardly any tissue reaction around them beyond a thin strip of giant 
cell nearly surrounding some of the ova. All the ova looked healthy 
and not degenerated ; in one ovum, however, a thickish zone was 
seen immediately under the shell which has taken up the haema- 
toxylin stain well; this always indicates calcification of the ova. 
The pulp of the spleen showed active proliferation of the pulp cells 
and a fair number of eosinophil cells amongst the pulp cellular 
elements. 
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The Liver showed advanced periportal and diffuse cirrhosis 
with many ova mostly healthy, and a few worms in the periportal 
tissue. Eosinophil cells were heavily deposited around or near 
some of the living ova simulating an eosinophil abscess. 

The Lungs showed living ova with heavy infiltration of 
eosinophil cells around some of them; worms in section were also 
seen in these organs. 

The Large Intestine showed many ova in the mucosa and 
submucosa and some in the muscular coat ; ova were also present 
in the sub-peritoneal nodules described above which showed a 
microscopical picture similar to that of the pedunculated sigmoid 
papilloma. 

Urinary Bladder showed a heavy deposit of ova in the mucosa 
and some in the submucosa, and also nodules under the peritoneum 
similar to those of the gut. 

CASE No. 2. This is a case of multiple Schistosome tumours in 
the great omentum. The patient was admitted to the Qasr el 
Ainy Hospital suffering from an ordinary inguinal hernia which 
was not strangulated. At operation the contents of the hernial 
sac in the scrotum were found to be an omental tumour mass which 
was adherent to the hernial sac. This was dissected out and as 
much of the omentum as possible was removed with the tumour 
mass and resected and the rest of the operation was done in the 
usual way and the patient discharged cured. On examining the 
omentum a hard nodular mass about 9 by 4 by 2°5 cms. was found 
situated on the free border of the resected part of the great omentum. 
This mass on section showed several sandy nodules with dense white 
tissue surrounding them. In the rest of the great omentum were 
found several small nodular masses also hard and about the size 
of a date-stone, with the above-mentioned sandy colour on section. 
Scrapings from the pulp of these nodules showed lateral spined ova. 

Microscopically, sections from these masses showed the two 
types of tissue reaction, viz., the diffuse type previously described, 
and the nodular type. In the nodular type, the ova are deposited 
singly or in small groups of two or three at most. The youngest 
ova are soon surrounded by many layers of typical endothelial cells 
frequently with the formation amongst them of huge giant cells 
immediately surrounding the ova or a little way from them. These 
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discrete tubercle-like nodules are seen embedded in a fibrous matrix. 
Up till this stage, no eosinophil cells are to be seen, but later on 
heavy eosinophil cell infiltration appears in the fibrous matrix 
surrounding the nodules. Contemporary with the appearance of the 
eosinophil cells, a fibroid transformation starts in the peripheral 
layers of the endothelioid cells of these discrete nodules, which 
continue concentrically inwards till these nodules become completely 
transformed into whorly layers of fibroid tissue. This fibroid 
transformation of the endothelioid nodules, immediately after the 
appearance of the eosinophil cells, is so often observed as to warrant 
attributing to this latter cell the stimulus to the commencement and 
completion of the fibroid transformation of the endothelial elements, 
this being a new function which Dr. M. F. Sorour attaches to the 
eosinophil cell. Microscopically schistosome worms were seen in 
section in some of these omental tumours. 

CasE No. 3. This is a case of diffuse Schistosomiasis of the 
seminal vesicles and vasa deferentia. 

The patient A. A., 30 years old, a dyer, came from a village 
near Cairo, and was admitted to the Qasr el Ainy Hospital on account 
of mitral disease on 31st March, 1930, and died on 3rd April, 1930. 
His urine was positive for Schistosoma haematobium ; the faeces 
were not examined. 

At post-mortem examination the liver was found enlarged and 
fatty and schistosome worms were detected in the portal vein. 
The urinary bladder showed flat papillomata and sandy patches in its 
mucous membrane; the deposit of ova was severer around the 
urethral orifice. The two ureters showed also sandy deposit. 

Behind the urinary bladder, both seminal vesicles with their 
vasa deferentia were fused together in one mass which, with the 
prostate as a lower apex, formed an equilateral triangle with the 
base upwards and the two vasa deferentia coming from the two 
upper angles. The mass measured about 7 cms. from side to side 
by 3.5 cms. from above downwards and 2 cms. antero-posteriorly. 
Both vasa were thickened and cord-like, especially the right one. 
On cutting through this tumour mass, the nearly obliterated lumina 
of the seminal vesicles could be seen enclosed in rounded masses 
of a pale rusty colour embedded in a white fibrous matrix. 

Microscopically, sections through the seminal vesicles show as 
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usual the lumina of the vesicles cut in different directions but much 
attenuated and embedded in a dense fibrous tissue heavily infiltrated 
with ova of the terminal spined variety, nearly all calcified. Some 
ova are deposited immediately below the mucosa of the vesicles 
while others are actually deposited in the papillary-like formations 
of the mucosa where they are known to ulcerate through during life, 
producing a rare sign which has been called ‘ Bilharzial haemo- 
spermatorrhoea.’ The epithelium on the top of the vesicular 
papillary formations where the ova are deposited is very much 
desquamated. 

Sections of the vasa deferentia of this case show the tube with its 
thick muscular coat embedded in a thick fibrous sheath with heavy 
deposit of calcified ova and absence of eosinophil cells. 

The urinary bladder shows heavy infiltration of calcified terminal 
spined ova in the mucosa and submucosa, with a good deal of 
fibrosis. There are also some living ova with cellular reaction 
around them. The lungs showed some calcified ova in them. The 
rectum and liver were negative. 

CasE No. 4. This is a case of bilharzial fibromyoma of the 
uterus. 

The patient G. E. R., 35 years old, was admitted to the Qasr el 
Ainy Hospital, complaining of an abdominal tumour which was 
diagnosed as uterine fibromyoma and operated upon by Professor 
Naguib Bey Mahfouz, and the uterus was removed by subtotal 
hysterectomy and a shell of cervix was left behind. She was 
discharged cured. Her urine was negative for ova but lateral spined 
ova were found in her faeces. 

Naked eye appearance of the tumour after its removal by operation.— 
The mass is oval and slightly larger than a full term foetal head, 
hard and fibrous to the touch, and is made up of an intramural 
fibromyoma originating in the lower part of the posterior wall of the 
uterus and growing downwards filling Douglas Pouch and also 
laterally into the right broad ligament. On cutting through the 
body of the uterus and tumour mass, the former was found lying 
on and fixed to the upper and anterior aspect of the tumour by 
a fold of muscular tissue passing from the fundus of the organ on 
to the outer covering of the tumour. The growth itself is one single 
fibromyoma which is encapsulated and hard and shows the typical 
coarse striation and whorled appearance of a fibromyoma. 
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Microscopically, the mass shows the ordinary picture of a fibro- 
myoma with lateral spined ova deposited here and there, some 
living and others dead. Around the living ova is to be seen the 
usual nodular cellular tissue reaction as well as quite heavy eosinophil 
cell infiltration both in relation to the ova and away from them in 
the tumour mass. The presence of these eosinophil cells in the 
tumour mass undoubtedly altered the histological picture in so far 
that they seem to have excited the fibrous tissue elements to 
proliferation with obvious pressure atrophy on the muscular bundles 
intervening. Thus, where no eosinophil cells are present, the 
muscular tissue predominates in thick cellular bundles of healthy- 
looking muscular cells, whereas in the fields With heavy eosinophil 
cells, the fibroid tissue is found predominating with compressed 
and atrophied thin muscular bundles. This fibroid tissue infiltrated 
with eosinophil cells is much more poorly cellular than the fibrous 
tissue proper of the fibromyoma. This picture again supports the 
idea that the presence of the eosinophil cells gives a stimulus to 
fibroid tissue formation, an idea with which my colleague, Dr Sorour, 
is so impressed that he suggested and is now actually experi- 
menting on the effect of artificially-provoked eosinophilia on the 
healing of tuberculous and other lesions in experimental animals. 

In the light of the great capacity of the schistosome factor to 
produce actual benign and malignant neoplasms, quite apart from 
the granulation tissues, the question arises, how far the ova in this 
fibromyoma may be responsible as causal factors for this neoplasm. 


I wish to thank Professor A. H. Urquhart of the Faculty of 
Medicine, Cairo, for his valuable advice and help. 
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EXPLANATION OF PLATE XIV 


CAsE No. I. 
Photograph of the papilloma of the sigmoid. See text. 


Microphotograph of the above papilloma showing a living 
ovum with cellular tissue and eosinophiles around it, and 
four calcified ones with less cellular tissue and more fibrosis 


around. 


A low-power microphotograph of a section of the spleen showing 
two ova with eosinophiles around and no reaction; the 
ovum in the centre is partially surrounded by a strip of 
giant cell. 


Schistosome nodule in the peritoneum of the gut showing 
three living ova with whorly fibrosis around them and 
numerous eosinophiles. The outer surface of the peritoneum 
is at the top of the figure. 


Lymph gland showing the subcapsular sinus w'th much fibrosis 
of the capsule and ova, and ova in the parenchyma (PI. XV). 
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EXPLANATION OF PLATE XV 


CASE No, 2. 


6. Photograph of nodules in omentum (comp. text p. 566). 


7. Low-power microphotograph showing schistosomal follicles in 
omental tumour. 


8. Worm in the subomental tissue and calcified ova with thickened 
fibrous omentum. 
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EXPLANATION OF PLATE XVI 


CASE NO. 3. 
9g. Photograph of seminal vesicles fused together, prostate and 
vasa (comp. text p. 567). 


10.—Seminal vesicle showing bundles of fibrous tissue with calcified 
ova amongst them ; also shows lumen of the vesicle. 


CASE No. 4. 


11.—Photograph of the fibromyoma of the uterus (comp. text p. 568). 


12.—Low-power microphotograph of a section of the fibromyoma 
showing calcified ova and no reaction around them. 
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THE EARLY STAGES OF THE JIGGER, 
TUNGA PENETRANS 


BY 
P. 


(From the Sir Alfred Lewis Jones Research Laboratory, lreetown, 
Sierra Leone) 


(Received for publication, 24 October, 1930) 


An insect which is of so peculiar a nature as the jigger, and which 
refuses to be disregarded, must have figured largely in the early 
travellers’ tales of Central and South America. As long ago as 1551 
it was noticed by Oviedo, and since that time has been described by 
numerous authors under many popular and scientific names, such 
as the Chigger or Chigoe, Pique, Nigua, and Bicho de pé, and by 
scientists as Pulex, Dermatophilus, Sarcopsylla and Rhynchoprion 
penetrans. \t should be noted that the name ‘ jigger ’ is also applied 
in North America toa mite. A list of authors is given by Jordan and 
Rothschild (1906). 

As might be expected, it was only a question of time before 
improved communications allowed it to spread to other parts of the 
world. From Brazil it appears to have reached West Africa in 1872 
or 1873, travelling in the British ship ‘ Thomas Mitchel,’ Bahia to 
Ambriz in ballast (Blanchard, 1889, Taschenberg, 1880). The ballast 
consisted of sand, which was unloaded on shore, contrary to the 
regulations, which prescribed that it should be discharged into the 
sea. From Ambriz it spread north and south along the coast, and 
also so quickly inland that in 1875 it was found about seventy miles 
from the coast. With the help of Stanley’s expedition and Arab 
caravans, it has travelled across the continent to Tanganyika, 
Madagascar (Blanchard, 1899), the Sudan (Wellcome Research 
Laboratory, 1906), the Transvaal (Spencer, 1912), Seychelles (Addison 
1915), and Kenya (Anderson, 1924). It has not, however, established 
itself in India (Turkhud, 1928), nor in Europe, though it has been 
introduced on several occasions. It is worth observing that, though 
it was formerly prevalent in Bermuda, it has since disappeared 
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(Balfour, 1928). It is now a widespread and important pest, and 
even if it does not compete in destructive action with Xenopsvilla 
cheopts, it is yet so unpleasant in its effects that Sir Harry Johnston 
(1897) said that it ‘is supposed to be the origin of the sailor’s oath— 
“ Well, I’m jiggered ”’.’ 

The larvae of several species of flea have now been described, of 
which a useful list of references is given by Sikes (1930). The larva 
of Lunga penetrans was first described by Bonnet (1867), a French 
naval surgeon serving in French Guiana. _ His description is in most 
respects very valuable, but undoubtedly contains some errors. 
There is also a brief account of the larva by Newstead, Dutton and 
Todd (1907). It was thought, therefore, that a fresh description 
of the early stages of this flea would be of interest. 

Material and Methods. The material described in this paper was 
obtained by extracting jiggers from the feet of African children living 
in Freetown, Sierra Leone. Each flea was placed in a separate petri 
dish, and many laid eggs immediately after extraction. Some of 
the larvae and pupae developing in each dish were killed for examina- 
tion, while others were bred out to the adult stage in order that the 
species might be determined with accuracy in each case. To deter- 
mine the number of instars, a series of small glass cells were prepared, 
in each of which three eggs were placed. The larvae which hatched 
from these eggs were reared under the same conditions as to food and 
moisture as those in the petri dishes, but as they were segregated, 
it was possible to observe them closely, and collect the cast skins for 
examination. The bottom of each petri dish was covered with a 
thin layer of road dust (laterite) which had been heated to destroy 
other organisms. ‘The larvae were unable to exist on bare glass or 
on filter paper. 

Bonnet stated that his larvae did not survive unless fed on the 
dead body of the mother. It is true that they will eagerly nibble at 
the corpse, but they will thrive equally well on other food; and, 
indeed, if one considers that the eggs are broadcast on the ground, 
it will be seen that the larvae can rarely be in a position to nourish 
themselves on the body of the mother flea, a point which Bonnet 
realised. In my cultures a number of foodstuffs were tried. 
Threads soaked in blood and dried, or blood dried and powdered 
were used at first, but it was found that the larvae developed more 
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rapidly and with fewer casualties on a more mixed diet. It was also 
found essential that the food should not be too moist. Though larvae 
would eagerly attack such liquid food as palm oil, they found them- 
selves unable to emerge from it after their meal, and soon died. 
The following method was finally evolved. At the time of this work 
there were always available in the laboratory a number of larvae of 
Cordylobhia anthropophaga. ‘he viscera of these were placed on a 
glass slide in the incubator at 37° C. for about two hours. They were 
then scraped off in flakes and placed in corked test tubes, in which 
form they could be kept for several weeks. When required for use, 
the dried viscera, with some dried blood, were placed in a test tube, 
to the cork of which was fastened a pad of moist cotton-wool. After 
one or two days the surfaces of the particles of food became damp 
and sticky. A little dry road dust was thrown into the tube and the 
mixture shaken vigorously. The dust adhered to the food and 
protected the larvae from its surface which must necessarily become 
adhesive in a damp atmosphere. The temperature of the laboratory 
fluctuated little. The daily minimum for the period of the work 
varied between 76° F. and 82° F., the daily maximum between 
78:5° F. and 86° F. The relative humidity was more variable, in 
one case rising to 96 per cent., and in another falling to 54 per cent. 
As it was found that the larvae died when the air was dry, they were 
kept in a damp atmosphere maintained by fixing a pad of filter paper 
to the inside of the lid of the petri dish with adhesive plaster, and 
keeping it constantly moistened. Therefore, it may be said that the 
breeding was carried out at a temperature of about 80° C. and in a 
nearly saturated atmosphere. 

For the determination of the structure, the larvae were cleared 
and mounted in creosote or Berlese’s fluid; or fixed in Bles’s fluid 
and cleared and mounted in carbol-alcohol. To display the chitinous 
structures of the head, it was teased up in a small quantity of Berlese’s 
fluid. The structures were more easily separated when the larva 
had been soaked in cold 10 per cent. potash for one or two hours. 
The dissection of the viscera was carried out on a coverslip by the 
usual methods. The head was removed from the body, drawing 
with it the viscera; the preparation was washed in normal saline 
and the organs separated from each other by cutting the tracheal 
connections ; the tissues were fixed to the coverslip by cautiously 
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flooding it with fixative (Bles or Bouin). It was then stained with 
Mayer’s acid haemalum. 

Structure of the Early Stages. The eggs (fig. 1, A) are oval, 
resembling in shape those of other fleas. They measure 0-48 to 
0-61 mm. in length, by 0-28 to 0-33 mm. in breadth. The colour is 
pearly-white. 


/mm. 


Fie. 1. A—Egg; B.—First instar larva; C.—Terminal segment of first instar larva; 
a.s.—anal strut. Drawn by camera lucida. 


Larval Stages. Tunga penetrans has only two larval instars, in 
contrast to the larvae of other fleas which have been described. 
Oudemans (1913), however, observed only two instars in H?séri- 
chopsylla talpae and Shalacopsylla bishidentatus. To confirm the 
absence of a third instar in 7. penetrans, larvae were segregated in 
cells, as described above and examined daily. Cast skins were 
obtained from all larvae, and all the skins showed an egg-breaker. 
A careful search of the dust in which the larvae were living revealed 
no skins without an egg-breaker. Such skins could only be found 
inside a cocoon after pupation. Besides this, a large number of 
skins obtained from the ordinary petri dish cultures were examined. 
All of these showed an egg-breaker, except, of course, those from the 
interior of a cocoon. 

The First Instay Larva (tig. 1, B) emerges by inserting the egg- 
breaker into the shell at one pole, and drawing it down the length 
of the shell, cutting a longitudinal slit with slightly curved ends. 
The length of the first instar larva is I-4 to 2-5 mm. and the breadth 
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is 0°17 to 0-3 mm. The measurement of the killed larva, however, 
is not a very exact proceeding, as the dimensions depend to some 
extent on the degree of contraction of the body. It consists of a 
head, three thoracic and ten abdominal segments, the last of which 
is produced into two lobes, each of which bears a chitinous anal 
strut. The strut is in the form of an isosceles triangle (fig. I, C). 
The surface of the thoracic and abdominal segments is rough, with 
the exception of a smooth area on the dorsum of each segment. In 
the first to the seventh abdominal segments there is a shallow longi- 
tudinal groove on each side, which separates off a narrow lateral 
flange. Each segment bears a number of hairs arranged in a single 
transverse row, rather nearer the posterior than the anterior border. 
The thoracic segments each bear eight hairs ;_ the first eight abdominal 
segments ten; the ninth abdominal segment has twelve hairs of 
equal length, and the last segment about seventy-five of unequal 
length. The number of hairs on each abdominal segment shows 
some slight variation. 

The superficial appearance of the dorsal and lateral aspects of 
the head is shown in fig. 2, A, ¢, D. On the dorsal aspect there is 
an antero-posterior suture on each side of the middle line, the 
epicranial suture. The egg-breaker (fig. 2, A and c and fig. 3, A) is 
triangular with the sharp apex directed upwards. The hairs are 
sufficiently shown in the figures. ‘rom the mouth opening protrude 
the labrum and maxillae. On the anterior part of the ventral 
surface, on each side, are two backwardly directed hooks. Such 
hooks are not mentioned in the descriptions of other flea larvae to 
which I have had access. 

The antenna (fig. 3, A) is situated on the antero-lateral aspect of 
the head. It consists of a cylindrical shaft, which is slightly 
narrower distally. At the apex is a stout bristle surrounded by four 
minute hairs. The base of the antenna is mounted on a raised area, 
‘like an inverted saucer’ (Bacot and Ridewood, 1914), which is 
bounded above by a thickening of the cuticle and bears three large 
and three small blunt papillae. In one case there were four large 
papillae. In many specimens, however, it is difficult to see the full 
number of small papillae. Near the apex of the antenna is a cavity, 
which carries two fine hairs internally, and opens to the surface 
on the posterior aspect of the antenna. This is presumably a sense 
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organ. Some authors describe two or three segments in the antenna 
of the larval flea. The number seems to depend on the decision 
whether or not the ‘inverted saucer’ and the terminal bristle are 
to be counted as segments. No joint was perceived in the shaft 
of the antenna. 

The mouth parts consist of the labrum, mandibles, maxillae and 
labium. | 


0O-/mm. 


Fic. 2. First instar larva. A.—Superficial aspect of dorsum of head; B.—Deep structures 
of head; C.—Lateral aspect of head; D.—Lateral aspect of mouth; a#.—antenna; ¢.b.—egg- 
breaker; 4.—hook; /b.—labrum; —/.p.—labial_ palp; md.—mandible; mx.—maxilla; 
mx.p.—maxillary palp; s.—stipes; ¢.—tentorium. Drawn by camera lucida. 

The dorsal surface of the labrum is smooth and carries a few hairs ; 
the ventral surface has a median groove and is covered with fine 


hairs. 
Examination of the internal structures (fig. 2, B) shows clearly 


the mandibles, maxillae and two pairs of long narrow chitinous rods 
lying in an antero-posterior direction. 
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The mandibles when at rest lie within the head capsule (fig. 2, B), 
but when in action are rapidly protruded and retracted, and can be 
seen Shovelling the food into the pharynx. The mandible (fig. 3, C) is 
roughly triangular in shape, the base bearing teeth, the apex being 
rounded into an articular surface. The angle between the anterior 
margin and the base is formed by a large blunt tooth, behind which 
is a second similar but smaller tooth, and a third, which is again 
smaller. These are followed by a row of three slender sharp teeth. 


A, 
Fic. 3. A.—Articulation of mandible, antenna, tentorium, and egg-breaker, first instar ; 


B.—Labial palp; C.—Mandible ; D.—Pupa; am#.—antenna; ch.—chitinous thickening bounding 
antennal area; e.b.—egg-breaker; ¢.—tentorium. All drawn by camera lucida, except B. 


Besides these, the margin of the base is indented to form a second 
row, which has six needle-like teeth, lying parallel to those described 
above. It shows at the posterior end a notch for muscular attach- 
ment. The number of teeth, however, shows some slight variation 
and may be in each row six or seven, or, less often five. The articular 
surface of the mandible is applied to a tubercle which may be seen 
lying internal to the antennal area. 

The maxillae (fig. 2, D) lie ventrally to the labrum and mandibles. 
They are conical in shape. The inner surface of each is covered with 
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fine hairs. On the lower and outer surface of the maxilla is a recess 
for the palp; this recess is bounded posteriorly by a thin plate of 
chitin, bearing a hair. The palp consists of two segments and bears 
three fine hairs at the apex. At the posterior end of the maxilla 
is a rod of chitin which from its pointed posterior end runs forward 
into the base of the maxilla, bearing a recurved arm on its lower and 
outer aspects. This is the stipes. 

Of the two pairs of chitinous rods mentioned above, the inner 
and shorter pair are the stipes. The outer pair are longer and stouter. 
They are rod-shaped sclerites representing the tentorium, and extend 
to the posterior extremity of the head capsule. If one is traced 
from its posterior end, it is seen to run forward, pursuing a slightly 
curved course to end in a sharp point just lateral to the hooks on 
the ventral surface of the head. Behind the point the sclerite has 
a recess on its lateral margin, and on the posterior edge of the recess 
there is a tuberosity. Immediately posterior to the tuberosity a 
thin plate of chitin runs outwards and upwards, and is continuous 
with the tubercle forming the articular surface for the mandible. 
This last portion of the sclerite is connected with the chitinous 
thickening which bounds the antennal area. 

On the ventral aspect of the head, the labial palps can be seen 
posterior to the maxillae, projecting between the two pairs of ventral 
hooks. Each palp (fig. 3, B) carries three processes, of which two 
are club-shaped and one needle-shaped. 

Bonnet’s account of the labial palp has given rise to some 
confusion. He wrote ‘ De chaque coté de la lévre (supérieure) on 
remarque une éminence arrondie, au sommet de laquelle on voit 
saillir un prolongement assez court de forme cylindrique et supportant 
a son extrémité libre trois petites soies. Ce prolongement représente 
le palpe labial ; il peut, a la volonté de la larve, rentrer a l’intérieur 
de l’éminence qui lui sert de base.’ The‘ palpe labial ’ is undoubtedly 
the maxillary palp, as Taschenberg (1880) pointed out. The true 
labial palps lie on the ventral aspect of the head in the middle line, 
with a pair of hooks lying laterally to them on each side. Bonnet 
missed the labial palps, but saw the hooks—‘ Quatre crochets servant 
a la progression de la larve.’ Kiinckel (1873), working with the 
larvae of Ct. felis and C. fasciatus described a pair of labial palps 
but saw no hooks, and, therefore, wrote that the ‘ quatre crochets ’ 


583 


of Bonnet were the true labial palps. In reality there are in the 
larva of T. penetrans both hooks and labial palps. 

The gut and salivary glands are identical in morphology with 
those of the second instar. 

When the time for ecdysis has arrived, the larva flexes sharply 
the head and first two segments, and after a struggle succeeds in 
splitting the first instar cuticle on the dorsal aspect and emerges. 
Sometimes the larva fails to free itself from the last few segments of 
the cast skin and dies. In fact there were usually a number of 
deaths at the time of the first ecdysis. 

The Second Instar Larva measures 2:0 to 3:1 mm. ia length by 0-22 
to 0-¢ mm. in breadth. Its structure is the same as that of the first 
instar, with a few exceptions. There is, of course, no egg-breaker. 
The anal struts are much smaller than those of the first instar, and 
in many specimens could not be distinguished. 
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Fic. 4. Salivary glands of one side and gut of second instar larva. Ag.—hind gut ;_ mg.—mid 
gut; m.t.—Malpighian tube ; p.—proventriculus ; 7.—rectum ; s/.d.—salivary duct ; s/.g.—salivary 
gland ;_ sl.r.—salivary reservoir. Drawn by camera lucida. 


The Viscera (fig. 4) were studied by dissection in the first instar 
larva (in most cases unfed), or in the second instar larva which had 
emptied its gut prior to pupation. 

The length of the gut in the second instar, measures from the 
posterior border of the head to the anus, about four millimetres. 
The proventriculus, shortly behind the head, is formed by a slight 
thickening of the circular muscle. The midgut is rather more than 
half the total length of the gut. It is a narrow thin-walled tube, 
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the cells of which appear uniform throughout. It is separated from 
the hindgut by a valve, which is formed by a thickening of the 
circular muscle coat. The hind gut has walls thicker than those of 
the midgut. It shows no specialised group of cells. Towards the 
posterior end of the body, on its course to the anus, the gut is 
surrounded by a thick layer of circular muscle, which constitutes the 
rectum. There are four Malpighian tubes taking origin from the 
gut at the level of the pylorus. 

Each of the two salivary glands is composed of three lobes, with 
ducts and a reservoir. The lobes are unequal in length. The 
longest is distinct from the other two, and is attached by its tip to 
the wall of the reservoir. The other two lobes arise together, 
inasmuch as the secreting cells are common to both; but after a 
very short course the lobes separate. The shorter of the two is 
variable in length ; sometimes it consists of only two or three cells ; 
in one specimen it appeared to be absent. The lobes are composed 
of a double layer of spheroidal cells bounding the lumen; the 
cytoplasm is finely granular, and the nucleus is round or oval. At 
the proximal end the cells are smaller and are cubical, forming a 
duct which unites with a similar duct from the other part of the gland 
to form the salivary duct. The walls of the salivary duct are formed 
by a single layer of flattened cells. After a short course it is dilated 
to form a thin-walled reservoir, from which it is continued to the 
posterior border of the head, to join the duct from the other side of 
the body, thus forming a common salivary duct. The common duct 
and that portion of the salivary duct which lies proximal to the 
reservoir are fine tubes with annular markings; they have the 
appearance of being formed of a number of closely applied rings, 
reminiscent of the human trachea. There is a long narrow fat body 
on each side. 

The Pupa. When the larva is ready to pupate it empties its gut 
and encloses itself in a thin-walled cocoon, to the outside of which 
particles of dust adhere. If the cocoon is opened, the larva is found 
to be sharply folded on itself, so that the terminal segment lies close 
to the head. The posterior part of the body becomes slightly 
broader and more opaque than the anterior part. It then casts 
its skin and becomes a pupa. 

The pupa (fig. 3, D), resembles in — that of other fleas, but 
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shows plainly the characteristic shape of the head and thorax of 
Tunga penetrans. The pupal case is a delicate cuticle, which is 
closely applied to the pupa, and continued in tubular form over the 
appendages. At first the colour is white, but later changes to the 
reddish brown colour of the adult. 

Distinguishing features of the larva of T. peneirans. 

The larva differs from the larvae of other Pulicidae which have 
been described in the following particulars :— 

The existence of only two larval instars. 

The form of the egg-breaker. 

The form and number of teeth on the mandible. 

The form of the maxillary palp. 

The appendages of the labial palp. 

The possession of four hooks on the ventral surface of the head. 

The arrangement of hairs on the abdomen in a single transverse 
row. 

The form of the anal struts. 


Duration of Stages of development. 


The larva emerges on the 3rd to 4th day after the egg is laid. 

The first ecdysis takes place on the 5th to 8th day after the egg is laid. 

The larva prepares for pupation on the 6th to 17th day after the egg 
is laid. 

The larva pupates on the roth to 18th day after the egg is laid. 

The imago emerges after the 17th day after the egg is laid. 


I am much indebted to Professor W. S. Patton for advice and 
assistance in the preparation of this paper. 
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ON CERTAIN DISTINGUISHING 
CHARACTERS OBSERVED IN 
ANOPHELES FUNESTUS Gites 


BY 


A. M. EVANS 
(Department of Entomology, Liverpool School of Tropical Medicine) 


(Received for publication 6 November, 1930) 


Inhis‘ Provisional List and Reference Catalogue of the Anophelini,’ 
Christophers (1924), restricted the definition of 1. funestus Giles, to 
include only the African form of the group, the Oriental A. minimuts, 
A. acomtus and A. listont being regarded as distinct species. With 
regard to the last-named species, however, it was stated that the 
question still arises ‘ whether this is a variety only of 1. funestus or a 
distinct species.’ In their synoptic table of the Indian Anophelines, 
Christophers, Sinton and Covell (1927) still regard the three oriental 
forms as distinct species. The identity of some of these Oriental 
species has, however, recently been called in question by Manalang 
(1930) who, referring back to a paper by Strickland (1924), published 
before the appearance of Christophers’ Memoir referred to above, 
gives his reasons for regarding the form of A. m7nimus found in the 
Philippines as synonymous with 4. funestus Giles. A new variety of 
A. acomtus from the Philippines, is described in the same paper. 

In the paper referred to, Manalang calls attention to certain larval 
characters which he finds useful in distinguishing the Philippine 
minimus (‘ funestus ’) from another Philippine form of the group, the 
newly described A. acomttus var. filipine Manalang. A comparison 
between Manalang’s description of the larvae of Philippine ‘ funestus ’ 
and those of a series of bred fwnestus from the type locality, Freetown, 
Sierra Leone, has led to the discovery of a well-marked difference 
which may perhaps be of value in further establishing the distinctness 
of A. funestus from A. minimus and possibly also from A. listont and 
A. acomttus. In addition to this, a character common to the males 
of African funestus has also been investigated and shows what 
appears to be a constant difference from A. minimus, A. listont and 
A.aconitus. The larval material on which the following observations 
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are based, comprises a few larvae from which I bred out adults of 
funestus in Freetown, in 1925, four larvae collected in Freetown by 
Professor Blacklock and the writer in the same year, and four larvae 
collected near Stanleyville, Belgian Congo, and kindly presented by 
Dr. J. Schwetz ; some of this latter series were bred out, giving rise 
to funestus adults. Oriental larvae examined were a series of 
A. minimus var. varuna identified by Dr. M. O. T. Iyengar, and 
one A. /istont and two aconitus larvae from Ceylon, identified by 
Mr. H. F. Carter ; the larvae were presented by these entomologists 
to Professor Patton, to whom I am indebted for permission to 
examine them. 


5, 
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Fic. 1. A to E.—Fronto-clypeus of fourth stage larva, to show pattern ; A.—Anopheles aconitus 
var. filipinae ; B, C, F and G.—A. minimus var. varuna; D.—A. funestus; E.—A. minimus 
(‘ funestus ’), Philippine form ; H.—Tergal plates of second to fourth abdominal segments of larva of 
A. funestus (a-typical). A and E copied from photographs in Manalang (1930), other figs. original. 
The markings in D “heal be darker than shewn. 


The larval character described by Manalang, which I find to be 
distinct in African funestus larvae, is the fronto-clypeal pattern. 
The great value of this character in separating larvae of A. sergentt 
from those of superpictus was pointed out by Buxton (1923). 

The differences observed in this character are described with 
reference to the diagram (fig. I, G), which represents the pattern seen 
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in some specimens of 4. minimus var. varuna Iyengar. The trans- 
verse line, f.f., drawn across the front at the level of the mid frontal 
bristles, divides the pattern into a proximal portion which, as 
Buxton has pointed out, is chiefly a broad transverse ‘ butterfly- 
shaped band.’ This band is lettered }. in the diagram. In many 
specimens it is connected with the basal triangular patch ¢. Beyond 
the level of the line f.f., the pattern consists of two longitudinal 
stripes s., which are usually continuous with the transverse band 0. 
lig. I, B, C, F and G, illustrate some variations seen in eight 
fourth stage larvae of A. minimus var. varuna examined. In none 
of the specimens examined was the pattern dark, and in several it 
was very light. The pattern shown in fig. 1, G, was seen in three 
out of the eight larvae studied. In three others there was a reduction 
in the dark areas, the main centres of chitinisation being more or less 
isolated from each other, as in fig. 1, B ; it is possible, however, that 
these were recently moulted fourth stage larvae. [‘ig. 1, c, illustrates 
the condition seen in one of the larvae, the main difference from 
that shown in fig. 1, G, being that the two longitudinal stripes are 
connected across anteriorly to form an ‘ O’ shaped pattern in front. 
It is interesting to note that this pattern agrees in this respect with 
that of Manalang’s aconttus var. filipine, while that illustrated in 
fig. I, G, resembles that of the Philippine minimus (‘ funestus’). 
Figs. 1, A. and E, are copied from Manalang’s photographs. In 
one larva of minimus var. varuna, in which the imaginal buds 
appeared to be in an advanced state of development, practically the 
whole of the anterior half of the fronto-clypeus was chitinised, as 
shown in fig. 1, F. Thus it is seen that a considerable amount of 
variation exists in A. minimus var. varuna with regard to this 
character. 

In the larva of listont and two aconitus larvae I have examined, 
the pattern could not be made out very clearly on the anterior 
quarter, but in both cases it was evident that longitudinal marks 
continuous with the proximal transverse band were present, the 
general plan being that shown in figs. 1, C. and G, but in all three 
the chitinisation was much heavier than in the var. varuna larvae, 
and the markings appeared rather more extensive than in fig. I, G. 

In all our African larvae of A. funestus in which this character 
can be clearly seen, the pattern is quite different from that seen in 
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any of the above described variations of minimus var. varuna, and 
from that of the larvae of listont and aconitus I have seen, and also 
from those illustrated by Manalang for the Philippine forms of the 
group. <A typical pattern is that illustrated in fig. 1, D, which 
was drawn from a larva collected in Freetown, West Africa. It will 
be seen that the proximal part of the pattern shows little difference 
from that of the Oriental forms ; it may show slight differences, as 
shown in the illustration on page 12 of my memoir (1927). On the 
distal half, however, the difference is striking. Instead of two 
longitudinal stripes there is a broad transverse band, d.b., extending 
across the whole width of the front and separated from the proximal 
band by a space about equal to the width of the distal dark band. 
The occurrence of this separate transverse dark band across the distal 
third of the fronto-clypeus is a constant feature in the seven larvae, 
including specimens from Sierra Leone and Stanleyville, in which 
the pattern can be clearly made out. 

Manalang has also found that the presence or absence of 
chitinous ‘ islets ’ in the membranous part of the abdominal segments 
dorsally is a character which distinguishes the two Philippine forms. 
It is interesting, therefore, to note that in twelve African funestus 
larvae examined, ‘islets’ are usually absent, but one larval pelt 
shows the condition illustrated in fig. 1, H. In some other larvae, 
‘islets ’ were represented on most of the segments by thickenings of 
the tergal plate, as in the fourth segment of the larva illustrated. 

[dult character. In their ‘Synoptic Table for the Identification 
of the Anopheline Mosquitos of India,’ Christophers, Sinton and 
Covell (1927), illustrate the male palps of A. listont and A. minimus ; 
A. aconitus is said to resemble minimus in this respect. In the 
illustrations given it is seen that in typical specimens the club shows 
a pale spot or band (listonz) or broad pale area (minimus and aconitus) 
at the base. Irom other descriptions seen and examination of the 
male palps of specimens of minimus and listont in the collection of the 
Liverpool School of Tropical Medicine, including examples deter- 
mined by Colonel Christophers, it seems certain that white scales in 
the form of a well-defined band or area or sometimes a small spot 
are practically always present at the base of the palps in these 
Oriental species. In one specimen from Hong Kong determined by 
me as muumus, there was only a very small pale spot in this position. 
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In specimens of funestus from Africa that I have examined, however, 
the base of the club of the male palp was invariably without any 
pale scales. The amount of white on the outer half of the club shows 
a great deal of variation. Sometimes it is reduced to one or two 
very small spots and in other exceptional cases the whole or almost 
the whole of the outer half of the club is pale scaled. Fig. 2, €, 
which was drawn from a specimen bred from a larva taken 
in Freetown, Sierra Leone, represents a typical condition met with 
in African funestus. In addition to specimens from Freetown and 
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Fic. 2. Male palps, diagrammatic. A.—A. minimus; B.—A. listoni; C.—A. funestus. 
A and B after Christophers, Sinton and Covell (1927), C original. 


elsewhere in Sierra Leone, I have examined the male palps in frnestis 
from the Gold Coast, Nigeria, Belgian Congo, Kenya, Pemba, 
Nyasaland and Mauritius ; two males of funestus var. fuscivenosus 
Leeson, kindly presented by Mr. Leeson, also showed the dark base 
of the palps. This character also seems to be a good distinction 
between A. funestus and small specimens of A. tvansvaalensts. 

It has frequently been pointed out that characters formerly used 
to separate funestus from minimus and listont are subject to a certain 
amount of variation. Even the width of the subapical pale band 
on the female palp of A. minimus is sometimes seen to approach 
a condition frequently seen in funestus. This is so in a specimen 
I have determined as minimus from Hong Kong, the subapical pale 
band being considerably less than the dark band. So far as the 
material I have examined goes, however, the characters described 
here appear to show definite discontinuity between A. funestus, as 
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restricted by Christophers (1924) on the one hand, and A. listoni, 
A. minimus and A. aconitus, on the other. The number of larvae 
examined is too small to form the basis of definite conclusions, but it 
is suggested that investigation of these characters in many more 
specimens of all these species may help to establish the distinctness 
of funestus from the Oriental species of the group. 
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PLASMODIUM OVALE 


BY 


WARRINGTON YORKE 


AND 


D. U. OWEN 
(Received for publication 8 November, 1930) 


Stephens (1922), in a paper entitled ‘ A New Malaria Parasite of 
Man,’ gave a description of a malaria parasite found in the blood of a 
patient who was infected in East Africa. This parasite, to which 
he gave the name Plasmodium ovale, resembled P. malariae, but the 
infected red cells were normal in size or only slightly enlarged, 
frequently oval and showed Schiiffner’s dots. In this paper, Stephens 
stated that the parasite appeared to resemble that found by Ahmed 
Emin (1914), in six pilgrims at Camaran, in the Red Sea, and described 
by him as P. vivax var. minuta, but as he was unable to procure 
Emin’s specimens for examination, he could not reach a definite 
decision in the matter. 

Five years later, Stephens and Owen (1927) recorded the discovery 
of another instance of infection with P. ovale in a man who had 
contracted malaria in Nigeria. Their description of this parasite 
agrees in all respects with Stephens’ original description. In their 
conclusion they write, ‘We are unable to identify P. ovale with 
P. vivax var. minuta Emin. P. ovale is a quartan-like parasite. 
Infected red cells have a characteristic shape and are stippled, 
decolourised and slightly enlarged. What relationship, if any, 
this parasite has to the quartan parasite remains to be seen.’ 

In July of the present year, we admitted to hospital a patient 
from Nigeria, suffering from chronic arthritis. After he had been 
in hospital a few days he developed an attack of malaria, and 
examination of his blood showed an infection with a parasite in- 
distinguishable from that described by Stephens as P. ovale. 
With a view to studying this parasite more closely and with the object 
of ascertaining whether its peculiar characters were constant, we 
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passed it through a series of five general paralytics or tabetics, by 
direct blood inoculation. The passages are shown in the following 
genealogical table. 


S.———— nat. infection Nigeria 
| 
(4 July) (4 July) 
Gl.———— (26 July) 
K.———— (15 Aug.) 
(23 Aug.) 


As the result of this study we are able to add little to what 
Stephens wrote in his original paper. The parasite itself appears to 
be indistinguishable morphologically from P. malariae. It differs, 
however, in that its cycle of schizogony is completed in forty-eight 
hours, and temperature charts of infected cases are of the tertian type. 
This is particularly well shown by the chart of experimentally 
infected Case K. 

The characteristic appearance of the infected red cells, to which 
Stephen’s attention was originally drawn, was clearly seen in the 
naturally infected case and in all five subinoculated cases. The 
infected red cells are moderately enlarged—occasionally enormously 
so; they are pale, fragile, frequently oval, usually with irregular 
ragged outline, and heavily stippled. 

Whether these characters, viz., the quartan-like morphology, 
the forty-eight hour schizogony cycle, and the peculiar changes in 
the infected red cells, are sufficient to justify the erection of a new 
species, we do not know; but that these characters are constant 
and that they serve to enable the parasite to be immediately 
recognised there seems to be no reason to doubt. 
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MISCELLANEA 


A CASE OF KALA-AZAR FROM WEST AFRICA 


Cases of Kala-Azar are so uncommon in West Africa as to warrant 
their being recorded. 

A.H., age 23, was a missionary with the Sudan Interior Mission. 
He set out from Kano and completed a six months’ trek, passing 
through the following places :—Zinder, Ingal, Tanout, Tahoua, 
Agades, Andaras, Iferuane, Dogondouchi, Dosso, Niamey, Say, 
Gaya, Llo, Yelwa, Jebba, and Minna. When he arrived at Minna 
he had fever, thought to be Dengue. It persisted for a few days 
and he was then sent to Kano and admitted to hospital. The 
pyrexia continued for the five weeks he was in hospital, and the 
cause remained obscure ; it did not respond to quinine. 

He was then in a very weak state and was sent to England and 
admitted to the Liverpool School of Tropical Medicine. His 
temperature was 103°F. and pulse 120. He was extremely 
emaciated, cheeks very flushed, and had low muttering delirium 
from which he could be roused with difficulty. The spleen was 
palpable a hand’s breadth below the costal margin. 

A spleen puncture was performed and Leishman-Donovan 
bodies found in the material obtained. 

The leucocyte counts are interesting :— 


On admission total leucocytes... ... 625 per cmm. 
5 days after admission in mn ... 547 per cmm. 
16 days after admission ‘. i ... 937 per cmm. 


Treatment with von Heyden 471 was commenced, but the 
patient died 14 March, 1928. 

The diagnosis was by no means clear at first. A blood film 
showed a scanty infection with Plasmodium malariae and quinine 
was tried with but slight improvement. The Widal was negative, 
blood cultures were sterile, and agglutination tests for Brucella 
melitensis and B. paramelitensis were negative. 

Dr. H. Peaston very kindly obtained a history of the case for 
me from Mr. E. F. Rice, who_accompanied the patient on tour. 


D. U. OwEN. 
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